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In part XII“ the mechanism of the electrolysis of phenylalanine in 
nitric acid has been discussed. In the present paper, the electrolyses of 
tyrosine, glycine, alanine, and glutamic acid in nitric acid are also reported. 

It was found that tyrosine, in comparison to phenylalanine, was 
profoundly attacked by the electrolysis in nitric acid, and, except oxalic 
acid as the only crystalline substance, a small quantity of resinous matter 
with a little of phenolic substance was obtained. 

The electrolyses of glycine, alanine, and glutamic acid were performed 
in 4N- or 8 N-NO;:H at 100°C., and from the electrolysates there were 
isolated : 


from glycine, oxalic acid (34% )**; from alanine, formaldehyde and 

oxalic acid (27%); and from glutamic acid, succinic acid and oxalic 

acid. 

These data do not indicate whether the oxidation was due to elec- 
trolysis or merely to the reaction of nitric acid. However, Mérner™) has 
pointed out that the formation of oxalic acid from tyrosine occurred by 
heating with 25° or 60% nitric acid, but that oxalic acid was not obtained 
from glycine, alanine; phenylalanine, and glutamic acid by heating them 
even with 60° or 90% nitric acid, and that only when they were heated 
with fuming nitric acid (sp. gr. 1.50), oxalic acid was obtained from these 
amino-acids. 

These facts ascertain that the formation of oxalic acid from these 
amino-acids is due to the electrolysis in nitric acid. In the previous 
paper,’ it was confirmed that the formation of oxalic acid from phenyl- 
alanine by electrolysis originates principally from the side chain of 
phenylalanine. In the same way, it may be considered that the formation 
of oxalic acid is chiefly from the group -CH(NH.)COOH in case of the 
above-mentioned amino-acids. 

In the case of glutamic acid, the yields of oxalic- and succinic-acids 
by the electrolysis carried out under 
the same conditions, were 25 


+ ia F/mol — — acid | 
The table shows that, within 

the range of 10 to 20F/mol, the 8.4 8.7 

yield of succinic acid did not change 2.7 8.3 

but that of oxalic acid greatly 








* Translated by the author from J. Chem. Soc. Japan, 62(1941), 31. 
(1) Part XII, this Bulletin, 17(1942), 45. 

(2) C. Th. Mérner, Z. physiol. Chem., 95(1915), 263. 

** The percentages in this paper were expressed in molar per cent. 
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decreased. It is known that in the electrolysis of succinic acid or oxalic 
acid in nitric acid, the former is stable, whereas the latter is unstable. 
The fact described above, therefore, may be interpreted as follows: 
although the formation of oxalic acid from the group -CH(NH.)COOH 
was the principal reaction, yet oxalic acid thus formed was destroyed 
successively during the electrolysis, consequently it gave small yields. 

From these facts it may be quite reasonable to consider that the 
electrolytic oxidation of glycine, alanine, glutamic acid, tyrosine, and 
phenylalanine in nitric acid proceeds as follows: 


H—CH—COOH 


— HOOC—COOH + NH, 
NH, 
(I) Glycine 
CH,—CH—COOH COOH 
| _— HCHO + d + NH; 
NH, | SOOH 


j > 
Ct) Alsuine Oxidation products 


, HOOC—CH,—CH,—COOH + NH; + CO, 
HOOC—CH,—CH,—CH—COOH 


| aa» COOH 
NH, « [HOOC—CH,—COOH] + | + NH; 
COOH 


(III) Glutamic acid 
Oxidation products 


HO—¢ ScH,—CH—COOH 


NH, 
(IV) Tyrosine 


Oxidation products COOH 


of benzene sso me + CooH + NH; 


~ ‘SN —cH,—CH—COoO 
(_>—CH;-CH H 





COOH 
l > No? COOH + | + NH, 
NH, = ‘00H 


(V) Phenylalanine @ 


Experimental. (1) Electrolysis of glycine. 0.75452. (10m. 
mols) of glycine (Kahlbaum) was dissolved in 30c.c. of 8 N-NO;H and 
electrolysed under the conditions: 100°C., 4 amps./dm?., 5F/mol. The 
electrolysate was neutralised with sodium carbonate solution and acidified 
with acetic acid. Calcium oxalate was precipitated with the addition of 
20% calcium chloride solution; yield 0.5g. (34%), purity 77.50% 
(determined by the titration with N/10-KMnO,). The precipitate was 
decomposed with hydrochloric acid, and extracted with ether. From the 
ethereal extract crystals were obtained and recrystallised from water; 
m.p. 101.5-102°C., anhydride m.p. 186—-187°C. (decomposed). It was 
identified as oxalic acid (Found: 0.009345 N-NaOH, 5.62c.c. Cale. for 
C.0,H22H.,0: 0.009345 N-NaOH, 5.62 ¢.c.; Found: N/10-KMn0Q, , 2.64 c.c. 
Cale. for C.0,H»2H.O: N/10-KMn0O, , 2.63 c.c.). 


(2) Electrolysis of alanine. 0.9025g. (101 m.mols) of alanine 
(Kahlbaum) was dissolved in 30 ¢.c. of 8 N-NO;H and electrolysed: 100°C., 
4 amps./dm*., 5F/mol. During the electrolysis, the volatile oxiuation 
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product was led to two washing bottles containing water, by means of 
the delivery tube which was connected to the condenser of the cell. The 
volatile substance caught in water was identified as formaldehyde by the 
test with fuchsin-sulphurous acid solution and by the mercurous chloride 
reaction as well as the precipitation of p-nitrophenylhydrazone. 

The electrolysate was neutralised with sodium carbonate solution and 
acidified with acetic acid. Oxalic acid was precipitated as in the case of 
glycine. Calcium oxalate 0.4 g. (27°), purity 94.2. Oxalic acid was 
confirmed by the melting point test and by the titrations (Found: 
0.009345 N-NaOH, 5.50c¢.c. Cale. for C.0,H.-2H.O: 0.009345 N-NaOH, 
5.52 ¢.c. Found: N/10-KMn0O,, 2.64c¢.c. Cale. for C.0,H.-2H.O: N/10- 
KMn0,, 2.56 c.c.). , 

(3) Electrolysis of glutamic acid. 3.011 g. (20.5m. mols) of 
glutamic acid (N, 9.46%) was dissolved in 30 c¢.c. of 4N-NO.H and sub- 
mitted to electrolysis: 100°C., 4 amps./dm?., 10 F, mol. The electrolysate 
was neutralised with sodium hydroxide solution and calcium oxalate was 
precipitated as usual. Calcium oxalate 0.155 g. (air dried), purity 78.8%. 
Pure calcium oxalate 0.84m.mol. Free oxalic acid 0.07 g., m.p. 101- 
102°C. Volatile base NH; 0.1m.mol. After distilling off the volatile 
base with barium hydroxide, the residue was acidified with sulphuric acid 
and extracted with ether. 0.3 ¢. of crystals was obtained from the ethereal 
extract. It was recrystallised from water and melted at 184°C. It was 
identified as succinic acid by the mixed melting point test and by the 
determination of acid equivalent (Found: N/20-NaOH, 6.62¢.c. Cale. 
for C,H,O;: N/20-NaOH, 6.57 c.c.). ‘ 

Glutamic acid (3.012 g., 20.5 m. mols) was electrolysed in 8N-NO.H 
(30 c.c.) under the same conditions as in the case of 4N-NO.,H. From 
the electrolysate the following substances were obtained. Calcium oxalate 
0.3 g. (2.67 m. mols), purity 67.2%. Free acid melted at 101-102°C. 
(Found: N/10-KMn0O,, 9.20c¢.c. Cale. for-C.0,H.-2H.O: N/10-KMn0O, , 
9.24¢.c.). Succinic acid 0.21 g. (1.76m.mols). After recrystallising 
from water it melted at 183°C. (Found: N/10-NaOH, 13.09 ¢.c. Cale. for 
C,H,O,: N/10-NaOH, 13.06 c¢.c.). NH; 0.08 m. mol. 

Glutamic acid (3.003 g. 20.4m. mols) was electrolysed in 8N-NO.H 
(30 ¢.c.) under the conditions: 100°C., 4amps./dm*., 20 F./mol. Calcium 
oxalate 0.10 g. (0.68 m. mol), purity 79.4%. Succinic acid 0.20 g. (1.6 m. 
mols), m.p. 181-182°C. It was recrystallised from water and melted at 
183°C. (Found: N/10-NaOH 7.24c.c. Cale. for C,H,O,: N/10-NaOH 
7.19 ¢.c.). NH; 0.05 m. mol. 

(4) Electrolysis of succinic acid in nitric acid. 2.284g. (19.3 m. 
mols) of succinic acid was dissolved in 30 c¢.c. of 8N-NO;H and submitted 
to electrolysis: 100°C., 4amp./dm*., 5 F./mol. When the electrolysate 
was cooled the colourless crystals were separated. 1.15 g. of crystals were 
obtained and identified as the unchanged succinic acid (m.p. 184°C.) by 
the mixed melting point test and by the determination of acid equivalent. 
From the mother liquor 1.16 g¢. of succinic acid were recovered by the 
extraction with ether. Thus the succinic acid was not at all attacked 
and was recovered quantitatively. 

(5) Electrolysis of tyrosine. Natural tyrosine (3.612 g., 19.95 m. 








56 N. Sata und S. itd. [Vol. 17, No. 2, 


mols) was electrolysed in 8N-NO:H (30c.c.) at 100°C., 4 amps./dm?., 
5 F./mol. The electrolysis was undertaken twice (expt. 1 and 2) in the 
same way. The electrolysate was colourless, but it became greenish yellow 
when neutralised with sodium hydroxide. 

Calcium oxalate 0.33 g., purity 77.2% (1); 0.35 ¢., purity 82.1% (2). 
Free oxalic acid m.p. 101-102°C. (Found: N/10-KMnO, 8.00c.c. (1); 
7.44 ¢.c. (2). Cale. for C.H.O,2H.O: N/10-KMn0O, 8.07 c.c. (1); 7.38 c.c. 
(2)). The filtrate of the calcium oxalate was extracted with ether. From 
the ethereal solution a small quantity of resinous and phenolic substances 
were obtained. NH; 0.2 m. mol. 

Tyrosine (20m. mols) was electrolysed in 8 N-NO.H under the con- 
ditions: 100°C., 2 amp./dm*., 0.65-3 F./mol. From the electrolysate, 
picric acid (0.2-0.4m. mol) and oxalic acid (8.9-4.1m.mols) were 
obtained. The formation of the picric acid and the oxalic acid thus 
obtained were not due to the electrolysis, but to the action of nitric acid 
upon the tyrosine. The mechanism of the formation of picric acid will be 
reported in the next paper. 


Chemical Laboratory, S. Suzuki & Co., Ltd. 
Kawasaki (near Tokyo), Japan. 





Uber die unregelmissige Reihe der kolloiden Loésungen durch 

Elektrolyten. V.” Uber die Bedingung bei der Ausfuhrung 

der Koagulationsversuche mit besonderer Berucksichtigung der 
Wirkung von Ultraschall. 


Von Naoyasu SATA und Sigeru ITO. 


(Eingegangen am 1. November 1941.) 


(1) Einleitung. Der Koagulationsversuch ist, wie bekannt, ein 
sehr heikles Experiment, dessen Versuchsbedingungen und Ausfiihrungs- 
weisen von tausend Kleinigkeiten abhingig sind. Es verlangt ganz be- 
sondere Vorsichtsmassregeln, wenn man eine reproduzierbare Regel- 
missigkeit erwartet, wie in unserem Fall der Untersuchung der unrege!- 
missigen Koagulationsreihe. Schon allein wie die Kolloid- und Elektrolyt- 
Lésung gemischt und umgeriihrt wird, kann die Koagulationserscheinung 
bedeutend beeinflussen. Ein zu kraftiges Umriihren oder Schiitteln 
erniedrigt die Koagulationswerte immer sehr stark. Viele Kolloid- 
Lésungen haben die Tendenz sich automatisch zu koagulieren durch 


(1) N. Sata u. Y. Niwase, Kolloid-Z.,84(1938) 314; N. Sata u. S. Ito, dieses 
Bulletin, 15 (1940), 271. 
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mechanisches Umriihren, ohne Elektrolytzusatz.@) Ausserdem, wenn es 
mit Umriihren oder Schiitteln zu tun hat, muss man sich der Wirkung 
des Ultraschalls erinnern, welcher auch als eine Art der Erschiitterung 
einer enorm grossen Schwingungszahl zu betrachten ist.“ 

Mit dem Fortschreiten der Untersuchung der unregelmissigen 
Koagulationsreihe von HgS-Sol, macht sich der Wunsch geltend, die 
Abhangigkeit der Versuchsbedingungen eingehend zu untersuchen. Nach- 
stehend wurde diesbeziiglich ein Versuch angestellt unter besonderer 
Beriicksichtigung der Wirkung des Ultraschalls. 


(2) Uber die Bedingung beim Ausfiihren einzelner Koagulation- 
versuche. Bei Ausfiihrung eines Koagulationsvefsuches ist vorerst 
das méglichst rasche und gleichmissige Mischen der Kolloid- und Elek- 
trolyt-Lésung unumganglich notig. Das langsame Einstrémenlassen der 
Elektrolyt-Lésung in Kolloid-Lésung aus Pipetten oder Biiretten usw. 
sollte darum unbedingt vermieden werden. Deshalb empfehlen wir fol- 
gende Ausfiihrungsweise. Die geeignete Menge der Kolloid- und Elektro- 
lyt-Lésung misst man in separaten Probierglischen. Dann wird die 
Fliissigkeitsmenge in einem Probierglischen zum anderen auf einmal 
hineingegossen und durch sofortiges Umdrehen oder Schiitteln eine 
innige Vermischung erreicht. Wie die Koagulationskurve des Hgs-Sols 
mit AgNO, (unregelmidssige Reihe) nach der Verschiedenheit der Aus- 
fiihrungsweise beeinflusst wird kann man aus Abb. 1 und 2 sehen. 


Leises Umdrehen (6-Versuche 1 bis 6 
maligen Umdrehens ergeben ganz 
ubereinstimmende Koagulations- 
kurven.) 


20-ma) kraftiges Schiitteln mit der 
Hand 


20 Sekunden mit Ultraschall 
beschalit. 


— Bestandigkeit. 
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— AgNO,-Konz. log. (Millimol./Lit.) 


Abb. 1 zeigt, dass das Mischen durch vorsichtiges Umdrehen das beste 
reproduzierbare Resultat ergibt, wofiir ein einmaliges oder héchstens 
mehrmaliges Umdrehen vollstindig geniigt. Dahingegen kénnte das 
Mischen durch zu starkes Schiitteln die Koagulationskurve ganz dndern, 
wie aus Abb. 2 ersichtlich ist. Hier méchten wir darauf hinweisen, dass 
durch das kraftige Schiitteln in einem geschlossenem Gefiss nicht nur die 
einfache Vermischung der Fliissigkeiten verursacht, sondern durch Hin- 
und Herspritzen der Fliissigkeitsmasse gegen die Gefisswand, eine Art 


(2) H. Freundlich, Kapillarchemie, Bd. II, 8. 218 (Leipzig, 1932); H. Freundlich 
u. S. B. Basu, Z. physik. Chem.,115(1925), 203; H. Freundlich u. H. Kroch, ependort, 
124 (1926), 155; H. Freundlich u. S. Loebman. ebendort, 139 (1928), 368; Kolloid- 
Beth., 28 (1929), 391. 

(3) N. Sata, Kagaku-Zikkengaku (Handbuch der Experimentalchemie) Series I, 
Bd. IV, S. 287 (Tokyo, 1940). 
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spontaner Schaumbildung hervorgerufen wird. Dabei kénnte eine sehr 
grosse Grenzflache zwischen Fliissigkeit und Luft entstehen, welche sicher 
den Koagulationsvorgang der Solteilchen stark beeinflussen wiirde. 


(3) Die Wirkung des Ultraschalls auf die Koagulationsvorgange 
von HgS-Sol. Es ist auch eine bekannte Tatsache, dass die 
Schwingung des Ultraschalls die dispergierende und koagulierende 
Wirkung zu gleicher Zeit hervorrufen kann.“ In fliissigen Medien wird 
die Ultraschall-Dispergierung in manchen Fallen, wie z.B. an festen Sub- 
stanzen, flockigen Niederschligen, Gallerten, Fliissigkeiten usw. beo- 
bachtet. Dagegen wurde die Ultraschall-Koagulation in fliissigen Medien 
nur in begrenzten Fallen und zwar an Emulsionen und groben Suspen- 
sionen nachgewiesen. Mit anderen Worten ist sie an verhialtnism4ssig 
grobdispersen Systemen, aber nicht in echt kolloid-dispersen beobachtet 
worden. Theoretisch gibt es keinen Grund dafiir, dass die Ultraschall- 
Koagulation in echten kolloid-dispersen Systemen nicht stattfinden soll. 
Gelegentlich der Untersuchung der Versuchsbedingung bei der unregel- 
massigen Koagulation von HgS-Sol haben wir den Ultraschall-Einfluss 
auf diese Erscheinung gepriift. 

Als Vorversuch wurde die Wirkung des Ultraschalls an einigen 
anderen Solen untersucht, welche durch Zusatz geeigneten Elektrolyts 
einigermassen im Zustand langsamer Koagulation kiinstlich gebracht 
worden sind. 

Der Versuch wurde folgendermassen durchgefiihrt: Man begann 
mit einer gewohnlichen Koagulationsmessung. Danach wurde der Inhalt 
jedes Probierglischens halbiert. An eine Serie dieser Proben haben wir 
den Ultraschall fiir eine Minute lang beschallt, wahrend die andere Serie, 
als Kontrolle, ohne Beschallung stehen gelassen wurde. 

Der Ultraschall-Effekt musste durch Vergleich beider Serien erkenn- 
bar sein. Da die ganze Koagulationskurve kaum beeinflusst wurde, haben 
wir, als Resultat, nur die Koagulationswerte angegeben, wie in Tabelle 1 
ersichtlich ist. 

Tabelle 1. 


| 
| 


Sol und seine = Hg (—) As,S,(—) CdS(—) Mastix(—) | V.0;(—) | Fe.O;(+) | 





Ladung 
Ausgangsmate- . = Alkohol- IY : 
rial HgCl, AsO; | CdSO, — ésung NH,VO, | FeCl;-6H.O 
Herstellungs Wechsel des | 

nr al Nach Winssinger Lésungsmit-|Auswaschen| Hydrolyse 
Methode sole 
Ko. W.(*) ohne or ‘ “ 7 ain | 
Beschallung - 40 2.0 35 35 220 
Ko. W. nach m= a _ 
Beschallung 20 40 2.0 35 35 220 


(*) Abkiirzung des Koagulationswertes, der in Millimol./Lit. des Elektrolyts, (in 
diesem Fall, NaCl) angegeben wird. 


(4) D. Deutsch, Z. physik. Chem., 136(1928), 374; auch (2). 
(5) C. Bondy u. K. Sdéllner, Trans. Farad. Soc., 31 (1935), 835; 32(1936), 556; 
L. Bergmann “Der Ultraschall” S. 166, Berlin, (1938); auch (3). 
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Die erwartete Herabsetzung der Koagulationswerte durch Ultraschall- 
Beschallung konnten wir mit diesen Versuchsgegenstiinden nicht nach- 
weisen. 

Andererseits, bei der in Kapitel (2) geschilderten Untersuchung des 
Einflusses der Versuchsbedingungen iiber die unregelmdssige Reihe des 
HgS-Sols, haben wir zufalligerweise eine eigenartige Ultraschall-Koagula- 
tion gefunden. 

Namlich, parallel dem Versuche des mechanischen Schiittelns, haben 
wir auch die Wirkung des Ultraschalls gepriift, und zwar nach Beendigung 
einer Serie des Vesuches der unregelmissigen Reihe, die die Koagulations- 
kurve wie Abb. 1 ergab, haben wir jede Probe mit Ultraschall beschallt, 
nach denen die Koagulationskurve wie Abb. 3 verindert wurde. Hier 
muss darauf aufmerksam gemacht werden, dass die Koagulationskurve 
nach Ultraschall-Beschallung mit der nach Handschiitteln ganz iiberein- 
stimmend ist. Das ist unsere erste Erfahrung, dass der Ultraschall bei 
typischem kolloid-dispersen System die Koagulation verursacht hat. 
Diese Koagulation findet allerdings in der Umgebung sehr kleiner Elek- 
trolyt-Konzentrationen (vor dem 1-Koagulationsgebiet der unregelmiss- 
igen Reihe) statt; wahrend der letzte, endgiiltige Koagulationspunkt 
dagegen durch Ultraschall-Beschallung ganz unbeeinflusst bleibt, wie die 
Untersuchungen der Tabelle 1 auch der Fall waren. 


(4) Die peptisierende Wirkung des Ultraschalls bei der unregel- 
massigen Reihe von HgS-Sol. Wir diirfen hier nicht versiumen, 
die peptisierende Wirkung des Ultraschalls an HgS-Sol hinzuzufiigen, die 
wir auch bei der Untersuchung der unregelmassigen Reihe dieses Sols 
gesehen haben.‘ Dabei wurde gezeigt, dass mit zunehmendem H.S- 
Gehalt des Sols, die Bestaindigkeitszunahme und das Schmalerwerden des 
1-Koagulationsgebietes der Koagulationskurve nachzuweisen ist. In diesem 
Versuch wurde das H.S-Wasser zuerst zum Sol zugefiigt, die Koagula- 
tionsmessung erfolgte dann. Um die Umkehrbarkeit dieses Experiments 
zu priifen, haben wir noch folgenden Versuch angestellt. 


Man beginnt mit dem gewodhnlichen Koagulationsversuch an H.S- 
armem, unbestandigem HgS-Sol, welcher wie sonst die unregelmissige 
Reihe aufweist. Nach diesem Versuch haben wir in jedem Reagenzglaschen 
0.05 eem. H.S-Wasser (1.5 c¢.c./200 ccm. Sol entspricht.) zugegeben und 
den H.S-Effekt beobachtet. Der prinzipielle Unterschied dieses Ver- 
suches mit dem vorhergehendem liegt darin, dass der koagulierende Elek- 
trolyt zuerst und der stabilisierende H.S nachher hinzugefiigt ist. Also 
in diesem Fall war, nach H.S-Zusatz, weder durch Umdrehen noch 
kriaftiges Schiitteln, gar keine Anderung bei jeder Probe zu erkennen, 
d.h. die Koagulationskurve bleibt unbeeinflusst. Wir haben zuletzt ver- 
sucht, jede Probe mit Ultraschall zu beschallen. Erst dann konnte man 
den erwarteten H.S-Effekt wahrnehmen. 

Der Verlauf ist in Abb. 4, 5, 6 und 7 deutlich veranschaulicht. 

Was in obigem Versuch zu beachten ist, ist dass der Ultraschall hier 
peptisierend wirkt, wohingegen das Handschiitteln gar keine Wirkung 


(6) N. Sata u. S. Ito, dieses Bulletin, 16 (1942), 4. 
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Koagulationskurve des Aus- 
gangssgls (Zweimal He durch- 
geleitet, sehr unbestandig.) 


200 ce. Ausgangssol wurde 
zuerst 15cc. HeS-Wasser 
zugefiigt und dann der 
Koagulationsversuch durch- 
gefiihrt 


Zu jeder Probe des Abb, 4- 
Versuchs 0.05 cc. HeS-Wasser 
zugegeben und stark geschiit- 
telt mit der Hand 

o— 


-—— Bestandigkeit. 


Gleiche Proben nach der 
Ultraschallbeschallung 


— AgNoO.-Konz. log. (Millimol./Lit.) 


aufweist. Die Stelle, we der Ultraschall seine Wirkung zeigt, ist wie 
immer das 1-Koagulationsgebiet. 


(5) Erorterung. Dass der Ultraschall die gegenseitige koagulie- 
rende und peptisierende Wirkung theoretisch zu gleicher Zeit verursachen 
kénnte, haben wir schon oft erwdhnt. 

In diesem Versuch konnten wir zum erstenmal mit gleichem kolloid- 
dispersen System von HgS die Ultraschall-Koagulation und Peptisation 
separat nachweisen. Weil aber die Annahme ganz auszuschliessen ist, 
dass der Ultraschall dort nur einseitig seine Wirkung gezeigt hat, sollen 
die Resultate folgenderweise verstanden werden, und zwar der Fall von 
Tabelle 1, dass der Ultraschall nicht ohne Wirkung war, sondern koagulie- 
rende und peptisierende Wirkung eben sich auskompensierten, und der 
Fall von Abb. 3 bzw. 7, dass der Ultraschall nicht einfach koagulierend 
oder peptisierend wirkt, sondern die koagulierende oder peptisierende 
Wirkung iiberwiegend war. Es lisst die Vermutung aufkommen, dass die 
Wirkung des Ultraschalls nicht nur einfach von der Ladung oder Dicke 
diffuser Schicht der Teilchen abhangig ist, sondern alle médglichen Ein- 
zelheiten der Oberflichenstruktur der Teilchen damit zu tun haben. 
Denn in oben ausgefiihrten Versuchen sind den Solen vorher die Elek- 
trolyten zugesetzt worden und die Teilchen befinden sich jedenfalls im 
Zustande langsamer Koagulation. Wenn nun das Adsorptionsverhalten 
der Elektrolyten bei der Koagulation an den Solen 4hnlich wire, miissten 
auch durch die Ultraschall-Beschallung ahnliche Erfolge zu erwarten sein. 

In Wirklichkeit ergibt der Ultraschall alle Méglichkeiten der Effekte, 
(d.h. koagulierende, peptisierende und neutrale) fiir deren Erklarung 
man die Eigentiimlichkeit der Ultraschall-Wirkung an einzelnen Fallen 
anzunehmen braucht. Jedenfalls ist es sehr interessant, dass man nach 
Wahl der Versuchsbedingungen den Ultraschall zum koagulierenden oder 
_peptisierenden Zweck willkiirlich benutzen kann, was die Anwendungs- 
méglichkeit des Ultraschalls als ein neues Forschungsmittel fiir die 
Kolloidwissenschaft verspricht. 
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Durch die Untersuchung in dieser Richtung kénnte man nicht nur 
den Mechanismus der Ultraschall-Wirkung aufklaren, sondern umgekehrt 
auch erhoffen, die Oberflachenstruktur der Kolloidteilchen aus dem 
Ultraschall-Effekt zu verstehen. 


Zusammenfassung. 


(1) Es wurde der Einfluss verschiedener Versuchsbedingungen 
untersucht bei der Koagulationsmessung, unter besonderer Beriicksichti- 
gung der Ultraschall-Wirkung. 

(2) Zur Koagulationsmessung ist das Mischen des Sols mit der 
Elektrolyt-Lésung durch leises Umdrehen des Probierglischens am besten 
und ausreichend. Zu krdftiges Schiitteln ruft manchmal unerwartete 
mechanische Koagulation hervor. 

(3 An einigen gewohnlichen Solen zeigt der Ultraschall gar keine 
Wirkung, trotzdem sie vorher durch Elektrolyt-Zusatz einigermassen in 
den Zustand der langsamen Koagulation gebracht worden sind. 

(4) Bei der Untersuchung der unregelmissigen Koagulationsreihe 
von HgS-Sol haben wir gefunden, dass der Ultraschall ganz unmittelbar 
eine koagulierende bzw. peptisierende Wirkung ergeben kénnen unter 
geeigneter Versuchsbedingung. 

(5) Die Resultate sind von der gegenseitigen Wirkung koagulie- 
render und peptisierender Elektrolyten stark abhangig. 

(6) Es wurde darauf aufmerksam gemacht, dass die Untersuchung 
koagulierender und peptisierender Wirkung des Ultraschalls nicht nur 
sehr wichtig ist, um seinen Wirkungsmechanismus aufzukliren, sondern 
man koénnte iiber die Oberflachenstruktur der Kolloid-Teilchen dadurch 
naheren Aufschluss erhalten. 


Chemischen Institut der Kaiserlichen Universitat 
zu Osaka und Siomi-Institut fiir physikalische 
und chemische Forschung. 


A Method for Measuring the Surface Energy of Solid. 


By Osamu KIMURA. 


(Received November 5, 1941.) 


It is well-known that the solubility of solid in liquid depends on the 
particle size of the solid. From this fact, we can calculate the surface 
energy of the solid which was studied by Hulett’’, Dundon®?, and other 
investigators. Dundon’s method of measuring the dependence of solu- 


(1) Hulett, Z. physik. Chem., 37 (1901), 385. 
(2) Dundon, J. Am. Chem. Soc., 45(1923), 2479, 2658. 
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bility on the particle size consists of observing the difference of electrical 
conductivities of the solutions which are in equilibrium with large 
crystals and with finely pulverized crystals, and of calculating the solu- 
bility from electrical conductivity, with some assumptions. The present 
author has measured the solubility, using a float-pycnometer, which is 
devised by Gilfillan and Polanyi’ and modified by Toraisi and Outi“). 
By this float-pycnometer, we can measure the density of solution at con- 
stant temperature by controlling the pressure with an accuracy of ca. 10 ». 

The measurement was carried out on CaSO,2H.0O. Pure crystals 
were obtained from CaCl. and H»SO,. The size of crystals obtained in 
this way was larger than 50. Some of these crystals were ground by 
hand in an agate mortar. It is pointed out by several authors that 
crystals of CaSO,2H.0O lose water by being ground in dry room. In 
this experiment, the agate mortar was always moistened with water 
vapour. The microscopic examination of the powder showed that the 
particles were fairly uniform, and the average size was 0.4. The ex- 
perimental procedure is as follows:—-A measuring vessel is dipped in a 
thermostat, the temperature fluctuation of which is less than +0.01°. 
The temperature of the thermostat is maintained at 33.30° throughout 
the experiment. About 5g. of the large crystals are poured into the 
measuring vessel, filled with 50c.c. of redistilled water. After violent 
agitation, the float is dipped, and then the pressure at which it is in 
equilibrium is read. Then 1g. of the finely pulverized powder is added, 
and after violent agitation, the float is again dipped and the pressure is 
read. The results are shown in Table 1. 








Table 1. 
| Equilibrium Pressure in mm Hg 
Exp. 
| With large Crystals | With small Crystals After 24 hours 
| or | 596 686 600 
| om | 593 699 598 


From the table we see that, the pressure increases after the small 
crystals are added, and then it decreases gradually, and returns to the 
original value after 24 hours. 

To calculate the increase of solubility from these data, we must 
know the relation between the density and the concentration of the 
solution. A general formula for electrolyte is given by Debye as follows: 


D= Dor+ke+k'e’” , 
where D and D, are the densities of the solution and water, respectively, 


c is the concentration of the solution in gram percent, and k, k’ are con- 
stants. For a solution so dilute as that which is studied in our experiment, 


(3) Gilfillan and Polanyi, Z. physik. Chem., A. 166(1933), 254. 
(4) Toraisi and Outi, J. Chem. Soc. Japan, 55(1935), 1325. 
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the third term in this equation can be neglected. The constant & is deter- 
mined by experiment as follows: 


The density of 0.200% solution at 33.30° ............ 0.99624 
Bee Gem GE WHOET BE SEBO” onc ccc cccccccccscces 0.99463 
eee Ge er Oe I cb dana ddwceeenseseuessa 0.805 


From the compressibility of the float, the normal solubility of 
CaSO,2H.0 at 33.30°, and from the above mentioned data, we obtain the 
solutibility of finely pulverized CaSO,2H.0O. 


Normal solubility at 33.30° .......... 0.210° 
Solubility of fine powders at 33.30° .... 0.235°¢ (mean value) 


To calculate the surface energy, we use the following equation: 
RT/M In So/S1 ~~ 27/o (1/r2—1/1) ° 


where o and y are the density and the surface energy of the solid, and 
S,, S2 are the solubilities of the spherical particles having radii 7, and rz , 
respectively. Putting the above values, we obtain 3.910? dyne/em for 
the surface energy of CaSO,2H.O. Although the applicability of this 
equation in this case is somewhat doubtful, the above value shows a 
satisfactory agreement with those of the prevalent experiments. (The 
value of Hulett is 1048 dyne/cm and that of Dundon is 370 dyne/cm.) 
The characteristic of this method is that it can be applied for measuring 
the surface energy of non-electrolyte, which is impossible with the con- 
ductivity method. Thus we can also measure the surface energies of 
organic substances with this method. 


Summary. 


(1) To measure the surface energy of soilds, a float-pycnometer 
method has been applied. 

(2) By this method, the surface energy of CaSO,2H.O has been 
measured, and found to be 3.910? dyne/cm. 


In conclusion, the author wishes to express his sincere thanks to Dr. 
S. Sato, Director of the Laboratory, for his encouragement and permission 
of the publication of this research. 


The Central Laboratory, South Manchuria 
Railway Company, Dairen. 
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Studies on the Reactions between Oxides in Solid State at 


Higher Temperatures. III.’ The Reaction between Magnesium 
Oxide and Stannic Oxide.” 


By Yasuo TANAKA. 


(Received November 5, 1941.) 


Introduction. In the system magnesium oxide and stannic oxide the 
existence of magnesium orthostannate (2MgO-SnO.), which has a cubic 
spinel structure with a unit cell size of «=8.580A and a density of 
4.738, has been known. The composition of the precipitate, obtained 
from a water solution of the two salts, has been considered as 
MgsSn0O.,-nH.0O. gut there has been no report on the solid reaction 
between magnesium oxide and stannic oxide. The phase equilibrium of 
this system at high temperatures ‘is also unknown. 

The present paper deals with the solid reaction with pressed cylinders 
of the powder mixtures of magnesium oxide and stannic oxide. The 
experiments were carried out in a current of dry oxygen. Since the solid 
reaction involving stannic oxide is, as it has been studied by Tamaru and 
Ando, accelerated remarkably by the existence of a minute quantity of 
a reducing agent, this effect should carefully be excluded. 


I. Reaction Products at 1400°. As done in the previous experi- 
ments,"’? mixtures of various proportions of MgO and SnO. were heated 
at 1400° for 10 hours. The densities of the reaction products were 
measured, and the amounts of free MgO and those of MgO and SnO. 
soluble in 4N hydrochloric acid were determined. The methods of deter- 
minations were the same as described in the first report. The results 
are given in Table 1. The products were studied further by the X-ray 
method. As there was no indication of melting in all the reaction pro- 
ducts, the reaction was considered to have proceeded in solid state. 

The density of each of the reaction products was always smaller than 
the theoretical value calculated as a mechanical mixture of the com- 
ponents, but no singular point could be observed in the relationship bet- 
ween the mixing ratios and the densities. 

From the results of the solubility measurements, it was found that 
MgO in the reaction products dissolved always in 4N HCl completely, and 
that, while SnO. preparation heated at 1200° was practically insoluble 

(1) (a) I, This Bulletin, 16 (1941), 428. 

(b) II, This Bulletin, 16 (1941), 455. 

(2) The main part.of this paper has been published in Japanese in J. Chem. 
Soc. Japan, 61 (1940), 1023. 

(3) G. Natta, L. Passerini, Atti. accad. Lineci, Rend. [6], 9(1929), 557; Chem. 
Zentr., 1929, II, 828. 

(4) Cf. J. W. Mellor, “A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry,” Vol. VIf, 419, London (1927). 

(5) S. Tamaru and N. Ando, Z. anorg. aligem. Chem., 184(1929), 385; 195 
(1931), 309; J. Chem. Soc. Japan, 52(1931), 36, 107. 
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Table 1. Reaction products at 1400°. 


Mixing ratio ; : Soluble in 4N HCL 
Density Free MgO 


MgO (%) | MgO:Sn0.* (70) MgO (%)  SnO.(%) | MgO/SnO, 


100 3.493 
61.05 4.201 38.95 
46.40 4.456 53.60 
35.41 4.725 64.59 
29.50 5.046 28 51.67 
21.40 5.466 " 38.78 
15.13 5.834 27.89 
7.85 6.376 14.07 

0 6.953 


ener WH WwW DD 
eS ee 


owe do 


* Approximately. 


even in concentrated hydrochloric acid, SnO. in the reaction products 
became soluble in 4N HCl. As the molecular ratio of the amount of MgO 
to that of SnO., which was soluble in 4N HCl, respectively,“ was always 
nearly equal to 2, it was concluded that 2MgO-SnO. was the only addition 
compound formed in this condition. With a mixture of MgO:SnO.=2:1, 
almost pure 2MgO-SnO, was obtained. 

The results of the réntgenographic studies, too, agreed with these 
results. The lattice constant of 2MgO-SnO. was found to be a=8.61A, 
and it seemed that no distinct sclid solutions were formed in this system. 


Il. Course of the reaction between 900° and 1100°. Mixtures of 
MgO:SnO.=2:1 and 1:1 were heated at a certain temperature in the 
range between 900° and 1100°, and the course of reaction was followed 
analytically. The preparations were ignited at about 1200° before use. 
The results are given in Tables 2 and 3. No reaction was practically 
observed at 900°, and the reaction temperature,” or the temperature at 
which the reaction begins to take place, was found to be about 950°. This 
temperature was far higher than those of the reactions between MgO or 
CaO and TiO.;“") however, it was easily recognized that the reaction 
velocity increased more rapidly than in the latter reactions with the in- 
creasing reaction temperature. 

As the combination ratio of MgO to SnO. was found to be smaller 
than the normal molecular ratio of 2MgO-SnO. in the temperature range 
studied here and especially at the beginning of the reaction, it was 
suspected that a compound such as MgO-SnO. was formed at first. How- 
ever, even in a mixture of MgO:SnO.=1:1, the above ratio increased con- 
tinuously toward 2 as the reaction proceeded, and, moreover, in the 
X-ray patterns of the reaction products in this period, only the inter- 


(6) Hereafter, this ratio will be mentioned as the combination ratio of MgO 
to SnO:. 
(7) G. Tammann, Z. anorg. allgem. Chem., 149(1925), 21. 
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Table 2. Course of the reaction with a mixture of 
MgO: SnO2 = 2:1 (MgO = 34.70%). 


Soluble in 4N HCl 


Reaction Time Free MgO 
temperature (hrs.) (70) MgO (%) SnO, (%) MgO/Sn0, 
900° 10 34.75 - - — 

950 10 34.19 0.64 2.51 0.95 

0.5 33.86 0.71 2.29 1.16 

1 33.27 1.42 3.91 1.36 

1000° 3 30.05 4.83 10.68 1.69 

| 6 26.40 8.27 18.12 1.71 

10 22.71 12.14 25.37 1.79 
} 

0.5 28.09 6.56 15.15 1.61 

1 23.65 A327 25.09 1.68 

1050° 3 18.30 16.79 35.92 1.75 

6 13.42 21.35 46.90 1.70 

10 12.20 22.97 48.48 1.77 
} 

0.5 20.72 14.24 33.19 1.60 

1 15.17 19.88 42.36 1.75 

1100 3 11.78 23.07 50.04 1.72 

6 8.04 27.17 54.38 1.87 

10 8.09 26.30 54.26* 1.81 


Table 3. Course of the reaction with a mixture of 
MgO :SnO. = 1:1 (MgO = 21.112). 


Soluble in 4N HCl 


Reaction Time Free MgO 
temperature (hrs.) (20) MgO (%) SnO. (%) MgO/SnO, 
900° 10 20.83 - _ - 
950° 10 20.55 0.56 2.17 0.97 
| 0.5 20.99 0.20 2.27 0.33 
| 1 20.09 1.00 4.29 0.88 
| 1000° 3 17.49 3.72 11.91 117 | 
6 15.73 5.54 14.11 1.47 
| 10 12.73 8.82 22.73 1.45 
0.5 18.10 2.99 10.18 1.10 
1 15.10 6.18 16.10 1.43 
1050° 3 7.73 13.83 31.78 1.63 
6 5.94 15.47 34.49 1.68 
10 6.40 15.06 34.89 1.61 
0.5 10.81 10.62 26.57 1.49 
1 8.47 13.05 32.65 1.49 
1100° 3 €.53 14.91 36.49 1.53 
6 5.18 16.31 37.08 1.64 
10 4.67 16.83 38.07 1.65 


ference lines of the addition compound, 2MgO-SnO., were observed besides 
those of the uncombined MgO and SnO,.. Therefore, the formation of a 
new compound other than 2MgO-SnO. was not probable. As no devia- 
tions of the positions of 2MgO-SnO.-lines were observed, the existence 
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of a solid solution between 2Mg0O-SnO. and SnOs, too, was hardly con- 
sidered. The excess of SnO. existed perhaps in an amorphous state and 
was soluble in 4N HCl.“ 


Ill. Experiment in open air. As already mentioned, the above 
described experiments were carried out entirely in a current of dry 
oxygen. For comparison, the experiment in open air was made at 950° 
without passing dry oxygen. The change of free MgO is given in Table 
4 which shows that the reaction takes 
place more rapidly than in the previ- 
ous experiments. But the composition 
of the reaction products changed with 
the reaction as before; for instance, 
with a mixture of MgO:SnO.=1:1, 


Table 4. Experiment in 
open air at 950°. 


‘ree 0 
Reaction Free MgO (7%) 


sie MgO:Sn0, MgO:Sn0. the combination ratio of MgO to 

2:1 =1:1 SnO. was fuond to be 1:64 after 10 
hours. 

0.5 31.97 19.17 The rapid reaction rate in this 

29.09 16.57 experiment is probably due to the 

3 24.66 12.65 effect of the traces of reducing gases, 

6 20.67 11.10 which are inevitably contained in air, 

10 20.59 8.50 because the effect of reducing at- 


mosphere on the reactivity of stannic 
oxide is, as it is previously stated, 
very remarkable. The effect of water vapour may also be considered. 


1V. Discussion of the results. In the present reaction, it must be 
noticed that, although 2MgO-SnO, is the only stable addition compound, 
the product formed at first seems to contain a large excess of stannic 
oxide, and as the reaction proceeds the product tends gradually to have 
the normal composition of 2MgO-SnO,.. This phenomenon may be ex- 
plained as follows: 

By a solid reaction, as it has been discussed in the first report,“ 
an amorphous layer of the mixture of the components is formed at first 
at their contact surface, and from which a new reaction product crystal- 
lizes out. The amorphous product may be regarded as a solid solution of 
the components. In the reaction between MgO and SnOz, it is considered 
that the crystallization of the addition compound, 2MgO-SnO., is some- 
what difficult, and at lower temperatures the amorphous solid solution 
reaches to a considerable amount. The crystal lattices of SnOz, in this 
state are disturbed, and the oxide becomes soluble in dilute hydrochloric 
acid, and while MgO in this state exists probably as free MgO, namely, 
it is soluble in 20°C ammonium chloride solution; therefore the combina- 
tion ratio of MgO to SnO. becomes apparently smaller than 2. When 
the amount of the amorphous product reaches to a definite value, the 


(8) Formerly, the present author‘?) has considered that, while the excess of 
SnO. exists forming a solid solution with 2MgO-SnO,, the crystal structure of which 
is the same as that of pure 2MgO-SnO.. But it seems more probable to consider the 
existence of an amorphous state. 

(9) Cf. J. A. Hedvall, “Reaktionsfahigkeit fester Stoffe,” 157, 204, 221, etc., 
Leipzig (1938). 
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stable addition compound, 2MgO-SnO., begins to crystallize out smoothly. 
The later reaction proceeds by the diffusion of the two components through 
this crystalline layer, and, as the amount of 2MgO-SnO. increases, the 
above ratio tends gradually toward 2. 

In the previous experiments, it was considered that the stable addi- 
tion compound crystallized out readily, and no particular attention was 
paid in the amorphous reaction product, although in the reaction between 
MgO and TiO.,“ as it was discussed on that occasion, the tendency of 
its existence was observed at lower temperatures. (In the reaction 
between CaO and TiO.,“"”) as only the amounts of free CaO were deter- 
mined, the formation of the amorphous product was not certain.) As 
the temperature ranges in which the two reactions were studied were 
comparatively higher than their reaction temperatures, it was admitted 
that considerable amounts of the amorphous product did not exist in 
these experiments. 

As it is already stated, the magnesium stannate obtained from a 
solution has been reported to have a composition of MgSnO,-nH.O.” 
On the other hand, it has been known that, in the system CoO and Sn0O., 
though the composition of the stannate obtained from a water solution is 
CoC-SnO., no interference lines of the compound are found in the X-ray 
patterns, and that at higher temperatures it is easily decomposed into 
2CoO-SnO. and SnO..0”C In these systems, it seems that, while a 
metastannate hydrate (MO-SnO.-nH.O) is obtained from a solution, it is 
decomposed into an amorphous mixtures on heating, and from which an 
anhydrous orthostannate (2MO-SnO.) is formed. 

In the solid reaction between ZnO and TiO., Cole and Nelson“) have 
reported that, while the reaction product obtained at first at lower tem- 
peratures had an apparent composition of ZnTiO;, it was proved to be a 
solid solution between ZnTiO, and TiO.; that the unit cell size of the 
solid solution, which had a cubic spinel structure, decreased with the 
content of TiO.; and that the composition of the solid solution was altered 
as the reaction proceeded. Further, they stated that the formation of 
the solid solution, which dissociated into ZnTiO, and TiO. completely 
above 1050°, was reversible with temperature. This reaction resembles 
to the present reaction. However, while the excess of TiO. exists thereby 
as a solid solution with a definite crystal structure, the excess of SnO, 
exists as an amorphous state, or as an amorphous solid solution of the 
two components, in the present reaction. Besides, in the present case, 
the composition of the reaction product, obtained as low as 950° by the 
experiment in open air, too, tended gradually to 2MgO-SnO., and, more- 
over, it was proved that no decomposition of pure 2MgO-SnO, took place 
after 10 hour’s tempering at 1100°. Therefore, the formation of the 
amorphous solid solution could hardly be regarded as reversible in these 
temperatures, and, as it is already mentioned, the formation of a solid 
solution with a definite crystal structure is also unlikely. 

The existence of a solid solution has been observed in the system, 


(10) J. A. Hedvall, Z. anorg. allgem. Chem., 92(1915), 369. 

(11) G. Natta and L. Passerini, Gazz. chim. ital., 59(1929), 620; Chem, Zentr., 
1930, I, 128. 

(12) S. S. Cole and W. K. Nelson, J. Phys. Chem., 42(1938), 245. 
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CaO and TiO.,, too.“ In this reaction, however, no distinct deviation 
of the composition of the reaction product was observed during the main 
part of the reaction, and it might be considered that, only with mixtures 
containing an excess of CaO, after the major part of TiO. reacted forming 
CaO‘TiO., a solid solution rich in CaO was obtained. 

In the present reaction, although a considerable amount of the 
amorphous reaction product exists, as the later reaction is possible by 
the diffusion of the two components through the layer of the crystalline 
reaction product, it is expected that the rate determining step of the whole 
reaction lies also in this process; and indeed the relation,“ 


{1-7 1—a}" = ake, 

holds approximately between 1000° and 1100°, and from which the 
apparent energy of activation is calculated roughly as Q=100 Kilocalories 
per mole.“ 

However, it must be mentioned that, while a rapid initial reaction 
has been found in the solid reactions between MgO or CaO and TiO,,‘” 
the present reaction proceeds at the beginning of the reaction, especially 
at lower temperatures, more slowly than the rate expressed by the above 
equation, namely, there exists rather an induction period. Further, as 
it is already stated that the velocity of the present reaction increases 
rapidly with increasing reaction temperature, so the energy of activation, 
100 Kilocalories per mole, is far greater than those of the reactions 
between MgO or CaO and TiO,» and other reactions so far studied.“" The 
reaction temperature of this reaction is also very high. From these facts 
it is anticipated that the mechanism of the present reaction is somewhat 
different from those of the reactions previously studied. 


Summary. 


(1) It has been found that 2MgO-SnO., is the only stable addition 
compound which is formed by the solid reaction between MgO and SnO,, 
and that the compound is soluble in 4N HCl. 

(2) While the reaction in dry oxygen begins at about 950°, it takes 
place more readily in open air, probably, due to the effect of the traces 
of reducing gases contained in air. 

(3) The reaction product seems to exist at first in an amorphous 
state, and, when the amount of which reaches to a certain value, 
2Mg0O-SnO. becomes to crystallize out smoothly; the later reaction pro- 
ceeds by the diffusion of the components through this crystalline layer. 

(4) It has been considered that the main part of the reaction is 
controlled by the diffusion process, and the energy of activation of which 
has been estimated as about 100 Kilocalories per mole. 

(5) An induction period has been observed at the beginning of the 


(13) These notations have been given in the first report. 
(14) Calculated from the amounts of combined MgO with a mixture, MgO:SnO, 
=1:1. Nearly equal value was obtained from the amounts of combined SnOz, too. 
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reaction, and the energy of activation is very great when compared with 
those of the reactions hitherto studied. 


The author wishes to express his hearty thanks to Dr. R. Yoshimura, 
Director of the Department, for his interest in this work. The author’s 
thanks are also due to Mr. T. Takagi for his assistance with the experi- 
ments and to the Physics Section of the Laboratory for taking the X-ray 
photographs. 


Department of Inorganic Chemistry, The Central Laboratory, 
South Manchuria Railway Company, Dairen. 





Studies on the Reactions between Oxides in Solid State at 
Higher Temperatures. IV.) The Reaction between Calcium 
Oxide and Stannic Oxide.” 


By Yasuo TANAKA. 


(Received November 5, 1941.) 


Introduction. In the system calcium oxide and stannic oxide, there 
exists calcium metastannate (CaO-SnO.), and it has been reported that 
the compound has a cubic perovskite structure with a lattice constant of 
a=3.92A.“) Zulkowski( reported that he obtained 2CaO-SnO.. Tamaru 
and Ando) found that the solid reaction of this system was remarkably 
accelerated by the traces of reducing agents and they studied the mechan- 
ism of which in detail. They reported that, while in vacuum only a slight 
reaction was observed at 900°, in a reducing condition it proceeded 
smoothly even at still lower temperatures; that the end product of the 
reaction with a mixture of excess calcium oxide was 2CaO-SnO.; and 
that the compound was soluble in dilute hydrochloric acid (1:1). Besides, 
Tamaru and Sakurai“ obtained CaO-SnO, by the oxidation of CaO-SnO 
when an excess of stannous oxide was present. 

The present paper deals with the solid reaction of this system in a 
current of dry oxygen. The experimental procedure was almost the same 
as in the previous reports.“ ( (®) 

(1) III, This Bulletin, 17 (1942), 64. 

(2) Published in Japanese in J. Chem. Soc. Japan, 62 (1941), 199. 

(3) V.M. Goldschmidt, Skrifter Norske Videnskaps-Akad. i Oslo, 1,1926, No. 
2; Chem. Zentr., 1926, II, 1390. 

(4), K. Zulkowski, Chem. Ind., 24 (1901), 422; Chem. Zentr., 1901, II, 564. 

(5) S. Tamaru and N. Andé, Z. anorg. allgem. Chem., 184 (1929), 385; 195 
(1931), 309; J. Chem. Soc. Japan, 52 (1931), 36, 107. 

(6) S. Tamaru and H. Sakurai, Z. anorg. allgem. Chem., 195(1931), 24; J. 
Chem. Soc. Japan, 52 (1931), 120. 

(7) This Bulletin, 16 (1941), 428. 

(8) This Bulletin, 16 (1941), 455. 
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I. Reaction Products at 1300°. Mixtures of various proportions 
of CaCO, and SnO. were heated at 1300° for 10 hours, and the amounts 
of free CaO and those of CaO and SnO. soluble in 4N HCl were deter- 
mined. Some of the reaction products began to melt already at 1400°. 
The results of the experiment with the densities of the products are 
given in Table 1. 


Table 1. Reaction products at 1300°. 











Mixing ratio Free CaO | Soluble in 4N HCl 
Density (%) 
CaO (%) | CaO:Sn0, |- 0 CaO (%) | SnO,(%) | CaO/SnO, 
100 - 3.205 
69.07 6:1 3.816 45.99 - - ~ 
| § 2.75 3:1 4.359 17.77 35.02 47.30 1.99 
| 42.67 2:1 4.727 0.00 42.05 57.51 1.96 
| 35.82 3:2 5.058 0.00 ~ - _ 
| 27.18 1:1 5.608 0.00 26.31 67.50 1.05 
| 15.69 1:2 6.192 0.00 15.04 40.81 | 0.99 
0 - 6.981 
Table 2. X-ray data of CaO-SnQ2. Table 3. Interference 
ae — lines of 2CaO-SnOz. 
. sin 6 | . sin 6* 
Intensity (obs.) | hkl. (cale.) 
Intensity sin 6* 
/ ovw 0.225 8 100 0.223 7 
m 246 100 246 
| w 314 8 O11 315; rd — 
| vst 347; 011 348 ~ 343 
| a» 
w 446 8 200 446 | hf | 356, 
| st 492, 200 492 w 447; 
w 543, 120 | 543, 
w 51. =| #6112 | 550, | 4 = 
| m | 598; 121 598 o 548, 
} 9 | } } 
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5 | \ 301 779s , 858 
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a=3.934, b=3.99A, c=3.87A. 


* For Kz and Kz; lines of iron. * Anticathode: Fe. 
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As more CaO than necessary to form 2CaQ-SnO. remains in free 
state, and excess SnO. over CaO’SnO. is insoluble in 4N HCl, it is 
admitted that the two stannates, calcium orthostannate (2CaO-Sn0O.), 
and metastannate (CaO’SnO.) are formed in this reaction, and both of 
them are soluble in 4N HCl. 

From the corresponding mixtures, the two stannates were obtained 
almost in pure state. As the products were dissolved equally well in 1N 
HCl, it was difticult to determine the amounts of 2CaO-SnO. and CaO-Sn0O. 
separately. 

In the X-ray patterns of the reaction products, too, no indication 
of the existence of other addition compounds could be obtained, and it 
seemed that no appreciable amounts of solid solutions were formed in 
this system. As shown in Table 2, although the principal lines of 
CaO'SnO. can be interpreted from the lattice constant, a=3.92A, which 
has hitherto been given, the values, a 3.93A, b=3.99A and e- 3.87A, 
must be given as correct. It has already been known that some crystals 
of the perovskite type is transformed from the cubic into the rhombic 
structure." While the crystal structure of 2CaO’SnO. is not certain, 
as seen from the interference lines given in Table 3, so far is obvious that 
the compound has a different structure from that of CaO‘SnO,. 


II. Course of the reaction between 900° and 1200°. The course of 
the reaction was followed analytically with mixtures of CaO and SnO., 
corresponding to CaO:SnO.=2:1 and 1:1, in the range between 900° and 
1200°. The preparations were ignited at 1200° before use. The results 
are given in Tables 4 and 5. The reaction begins to take place at about 
900°, which agrees with the result of Tamaru and Ando,’ and it pro- 
ceeds smoothly with increasing reaction temperature. 

With a mixture of CaO:SnO.=1:1, when the reaction proceeded 
moderately, the ratio of CaO to SnO., which was soluble in 4N HCl, 
respectively, was nearly equal to 1; so it was obvious that the final product 


Table 4. Course of the reaction with a mixture of 
CaO :SnO2 = 1:1 (CaO = 27.13%). 


Soluble in 4N HCl 





Reaction Time Free CaO 
temperature (hrs.) (%) CaO (%)* SnO- (%) Ca0/SnO, | 
900° 10 26.76 0.37 — — 
1 26.56 0.57 4.36 0.36 | 
960° 3 25.96 1.17 6.60 0.48 | 
6 24.40 2.73 8.86 0.83 
| 10 23.90 3.23 10.58 0.82 
| 05 = «| 25.50 1.63 4.66 0.94 | 
1 - — 6.16 oo 
1000° 3 22.76 4.37 12.18 0.96 | 
6 21.06 6.07 16.58 0.98 
10 19.90 7.23 19.36 1.00 





* Calculated. 


(9) Cf. J. W. Mellor, “A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry,” Vol. VII, 52, London (1927). 
(10) S. S. Cole and H. Espenschied, J. Phys. Chem., 41 (1937), 445. 
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Table 4.—(Concluded) 








7 | ; | : : 
Reaction Time | Free CaO | Soluble in 4N HCl 
| temperature | (hrs.) | (%) | CaO (%)* SnO, (%) CaO/SnO. 
0.5 20.26 6.87 17.80 1.04 | 
1 16.76 10.37 24.80 1.12 
1100? 3 12.30 14.83 33.70 1.18 
6 10.56 16.57 37.70 1.18 
10 10.30 16.83 38.06 1.19 
0.5 10.90 16.23 38.06 1.15 
1 8.86 18.27 43.10 1.14 
| 1200° 3 6.60 20.53 48.20 1.14 
6 5.56 21.57 50.84 1.14 
10 5.10 22.03 51.82 1.14 
* Calculated. 
Table 5. Course of the reaction with a mixture of 
CaO: SnOz2 = 2:1 (CaO = 41.7572). 
Reaction Time Free CaO Soluble in 4N HCl 
ene et (%0) CaO (%)* | SnO,(%) | CaO/SnO, 
900° 10 41.66 0.09 _ _ 
0.5 40.50 1.25 4,20 0.79 | 
1 40.16 1.59 5.70 0.82 
1000° 3 38.30 3.45 9.16 1.01 
6 36.38 5.37 14.18 1.02 
10 35.30 6.45 16.72 1.04 
0.5 35.20 6.55 17.01 1.03 | 
1 31.70 10.05 23.40 1.15 
1100° 3 25.10 16.65 30.14 1.48 
6 21.56 20.19 33.72 1.61 
10 20.50 21.25 34.08 1.68 
0.5 23.50 18.25 32.54 1.57 
1 21.36 20.39 35.62 1.60 
1200° 3 17.40 24.35 41.26 1.65 
6 16.00 25.75 42.98 1.68 
10 15.10 26.65 43.60 1.71 


* Calculated. 


in this case was CaO’SnO.. However, at the early stage of the reaction, 
the ratio was smaller than 1, and, as neither interference lines of a new 
compound nor deviations of the positions of CaO-SnO.-lines were observed 
in the X-ray photographs, it could be regarded, just as in the case of the 
reaction between MgO and SnO.," that the excess of SnO. existed in an 
amorphous state. With a mixture of CaO:SnO.=2:1, as the reaction 
proceeded, the composition of the product tended gradually toward 
2CaO-SnO.. An example of this tendency is shown graphically in 
Figure 1.0 


(11) Calculated by assuming CaO’SnO. and 2CaO’‘SnO, are formed in their 
normal compositions. 
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Without passing dry oxygen, 
the reaction proceeded at 900° 
already with a moderate rate, 
but the course of the reaction 
was the same as before. 


Ill. Discussion of the results. 
As it is clear from the above 
experiments, two stable addi- 
tion compounds, 2CaO’SnO. and 
CaO'SnO., are formed by the 
solid reaction between CaO and 
SnO., and there exist no appreci- 
able solid solutions in this system. 
In this reaction CaO’SnO. is 
formed at first, whatever the 
mixing ratio of the components 
may be, and, when an excess of 
CaO is present, 2CaO’SnO. is 

Fig. 1. CaO:Sn0, = 2:1, 1100°. formed gradually by the further 

reaction between CaO’SnO., thus 
previously formed, and the excess of CaO. The formation of a small 
amount of 2CaO'SnO.z is also recognized with a mixture of Ca0:SnO=1:1; 
however, it is probable that the compound is formed locally where CaO 
exists in excess. The course of the reaction is similar to that of the 
reaction between MgO and TiO.,“ in which the first reaction product, 
MgO:2TiO., is the richest in the acid component, and MgO'TiO. and 
2MgO'TiO. are formed by the further reactions. 

It is considered that, at lower temperatures, the amorphous solid 
solution, which is formed at the contact surface of the two components, 
reaches to a measureable amount, and SnO. in this state is soluble in 
4N HCI; so that, at the beginning of the reaction, the ratio of soluble 
CaO to soluble SnO. becomes apparently smaller than 1. When the 
amorphous product reaches to a certain amount, CaO‘SnO, crystallizes 
out easily. Although the amount of the amorphous product is not so 
large, the tendency is the same as in the reaction between MgO and 
snQ..™ 

In their experiment on the reaction between CaO and SnO., Tamaru 
and Ando’ have censidered that soluble SnO.'” exists as 2CaO’SnO.. 
[It is true that 2CaO’SnO. is the final reaction product in this reaction 
with a mixture of an excess of CaO; however, as it is obvious from the 
present experiment, CaO-SnO. is formed at first and it is also soluble in 
dilute hydrochloric acid. Therefore, it must be considered also in their 
experiment that soluble SnO. exists as the two stannates, CaO’SnO. and 
2CaO-SnO.. Further, although they have considered only the formation 
of 2CaO-SnO. in their discussion of the mechanism of the reaction, it 
must be admitted naturally that CaO’SnO. is formed at first. 

Finally, the relation,” 





(hours) 


(12) In their experiment, soluble SnO. means that which is soluble in a dilute 
hydrochloric acid of 1:1. 
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{1-/1—a}* = 2kt, 


for the amount of combined CaO holds fairly well from the beginning of 
the reaction, and, in the present reaction, neither a rapid initial reaction 
nor an induction period exists. It is considered that the reaction is also 
controlled by the diffusion of the two components through the reaction 
product, and, with a mixture of CaO’SnO.=1:1, the energy of activation 
between 950° and 1200° is calculated as Q=85 Kilocalories per mole.‘'* 

While the value is far greater than those of the other reactions 
previously studied,“ it is a little smaller than that of the reaction 
between MgO and SnO.“. On the other hand, the energy of activation 
of the reaction between CaO and TiO.‘ is also slightly smaller than: that 
of the reaction between MgO and TiO..“ Thus, whether the acidic com- 
ponent is TiO. or SnQ., the energy of activation of the reaction with 
CaO as the basic component is a little smaller than that of the reaction with 
MgO. While it has been studied in detail by Hedvall and others‘) that 
CaO is more reactive than MgO in the exchange reactions between certain 
salts and oxides in solid state, the same tendency is obtained in the 
addition reactions between the oxides. 


Summary. 


(1) It has been confirmed that two stannates, 2CaO‘SnO. and 
CaO'SnO., are formed by the solid reaction between the components, and 
both of them are soluble in 4N HCl. The crystal structure of CaO’SnO,, 
which has been considered as cubic, should correctly be assigned as 
rhombic with a unit cell size of a=3.93A, b=3.99A and c=3.87A. 

(2) The reaction begins to take place at about 900°. The reaction 
product exists at first in an amorphous state; when the amount of 
which has reached a certain value, the reaction proceeds smoothly, forming 
CaO-SnO.. 2CaO-SnO. is formed gradually when an excess of CaO is 
present. 

(3) It has been considered that the reaction is controlled by the 
diffusion of the components through the reaction product, and the energy 
of activation of CaO-SnO. formation has been calculated as 85 Kilo- 
calories per mole. 

(4) Whether the acidic component is TiO. or SnO., the energy of 
activation of the reaction with CaO has been found to be a little smaller 
than that of the reaction with MgO. 


In conclusion, the author wishes te express his hearty thanks to Dr. 
R. Yoshimura, Director of the Department, for his sincere interest. He 
is also indebted to Mr. K. Oguro for his experimental assistance and 
to the Physics Section of this Laboratory for taking the X-ray photo- 
graphs. 


Department of Inorganie Chemistry, The Central Laboratory, 
South Manchuria Railway Company, Dairen. 


(13) From the amounts of combined SnO., the value of Q=—82 Kilocalories was 
obtained approximately. e = 
(14) Cf. J. A. Hedvall, “Reaktionsfahigkeit fester Stoffe,’”’ 67, Leipzig (1938) 
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Studies on the Derivatives of Biphenylene Oxide. VIII. 
Bromonitro-derivatives of Biphenylene Oxide. 


By Seishi YAMASHIRO. 


(Received November 10, 1941.) 


As to the bromonitro-derivatives of biphenylene oxide, four of them, 
i.e. 2-bromo-3-nitro-,“”) 3-bromo-2-nitro-, 6-bromo-2-nitro- and 7-bromo- 
2-nitro-biphenylene oxides,’?) were already obtained several years ago, 
and the present author also had recently the pleasure of adding ten more 
derivatives to them as discribed in Parts VI and VII,’ namely the three 
of them i.e. 6-bromo-l-nitro-, 6-bromo-3-nitro- and 6-bromo-4-nitro-bi- 
phenylene oxides, were obtained by the direct bromination of the cor- 
responding nitro compounds, and the rest, i.e. 1-bromo-3,6-dinitro-, 3- 
bromo-1,8-dinitro-, 1,8-dibromo-3,6-dinitro-, 3,6-dibromo-1,8-dinitro-, 3,8- 
dibromo-1,6-dinitro-, 6-bromo-1,3,8-trinitro- and 8-bromo-1,3,6-trinitro- 
biphenylene oxides, by the intramolecular furan-ring-formation in the 
corresponding bromonitrobiphenols. 

Now, with a view to extend the research on the tendency of the nitro- 
substitution and, at the same time, to supplement the bromonitro-deriva- 
tives which could hardly be obtained either by the direct bromination of 
nitrobiphenylene oxides or by the intramolecular furan-ring-formation in 
the corresponding bromonitrobiphenols, the present author nitrated 
bromobiphenylene oxides and their lower nitro derivatives in the follow- 
ing schemes. Of the newly obtained derivatives, twenty-seven compounds 
(I~XXVII) are reported in this paper. They are: 


6-Bromo-2,7-dinitro-biphenylene oxide (1) M.p. (corr. ) 254-255° 
6-Bromo-2,3,7-trinitro- ° is (II) se 254-255° 
6-Bromo-2,3,5,7-t2tranitro- ” " (IIT) a 278-279 
6-Bromo-3,7-dinitro- ss ” (IV) - 216-217° 
6-Bromo-1,3,7-trinitro- " ‘ed (V) 4 251-252° 
6-Bromo-1,3,5,7-tetranitro- ” . (VI) ™ 285-286 
6-Bromo-4,7-dinitro- rr ” (VII) sg 198-199° 
6-Bromo-2,4,5,7-tetranitro- ” - (VIIT) D.p. (corr.) 329° 
7-Bromo-2,6-dinitro- . " (IX) M.p. (corr. ) 223-224° 
7-Bromo-3,6-dinitro- . ss (X) ™ 254-255 
7-Bromo-2,3,6-trinitro- - “ (XI) “ 248-249° 
3,6-Dibromo-2-nitro- x: ' (XII) “2 190-191 
3,6-Dibromo-2,7-dinitro- es se (XIII) . 297-298° 
3,6-Dibromo-4-nitro- ss > (XIV) 245-247 
3,6-Dibromo-4,7-dinitro- 7 _ (XV) sy 273-274" 


(1) K. Tatematsu and B. Kubota, This Bulletin, 9(1934), 456. 

(2) H. Gilman, G. E. Brown, W. G. Bywater and W. H. Kirkpatrick, J. Am. 
* Chem. Soc., 56(1934), 3473-7. 

(3) S. Yamashiro, This Bulletin, 16 (1941), 68; 17 (1942), 10. 
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3,6-Dibromo-2,4,7-trinitro- ” vs (XVI) _ 275-276° 
3,6-Dibromo-2,4,5,7-tetranitro- ” ” (XVII) 7 *352-354° 
3,6-Dibromo-1,2,8-trinitro- ” * (XVIII) - 334-334.5° 
2,6-Dibromo-3-nitro- sad = (XIX) o 205-206° 
2,6-Dibromo-7-nitro- ” - (XX) - 209-210° 
2,6-Dibromo-3,7-dinitro- “i at (XXI) - 262-263° 
2,6-Dibromo-3,5,7-trinitro- ” ag (XXII) - 257-258° 
1,8-Dibromo-2,3,6-trinitro- ” (XXIII) = 297-298° 
2,3,6-Tribromo-4,7-dinitro- ” ” (XXIV) ssi 256-257° 
2,3,6,7-Tetrabromo-4,5-dinitro- ” ” (XXV) ai *364—365° 
1,3,6,7-Tetrabromo-2,5-dinitro- ” ” (XXVI) _ 329-330° 
1,3,6,7-Tetrabromo-2,8-dinitro- ” ” (XXVIT) _ , 297-298° 
NO, NO, NO, 
! 
Br Br-( Br-/ Br \ 
| | 
ff ~ NO, \ 
| oO > o — f oO > [ oO 
| | 
rT } | ia | 
v Y NO, e NO 4 
NO NO. NO NO, 
2 Pd 
(I) ; (II) (III) 
Br- : 
| | 
¥* 
AY NO, NO, NO, 
’ Ke Br-/ Br-/ Br-/ 
NO, a _ LA [ wie , 
NO, | o —» % ——» i oO 
; a a Fe | ie 
Br- Ps 
} } NO,-.  / NO.-' -NO, NO,-\ }-NO, 
WN A bi \ 
Y% 
iv ai (IV) (V) (VI) 
NO, NO, 
ar- Br-/ Br-/ \ Br.-/ 
q NO, . 
| O > | O . | O > [ O 
NO. ” NO.-/ \ No.-” “ NO,-/ 4 
\ F ra yi 
NO, NO, 
(VII) (VII’) (VIII) 


* With decomp. 
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Br Br Br Br 
Br-” Br /\ Br-/ -NO, Br-’ \ 
} | 
v. NO, VA LA 
/ NO.-% \“ 
Br-. yb Br- -Br Br- -Br at, lea 
NO, NO, NO, 
(XX VI) (XXVIT) (X XVII’) 


The constitutions of these compounds were mainly established by the 
following facts: 


(1) Of the positions of biphenylene oxide, 2(7) and 3(6) are more 
active than 1(8) and 4(5) for the introduction of nitro groups. This 
fact excludes the formula XVIII’. 

(2) The nitro groups and the nitro- or bromonitro-phenylene 
residues of the nitro- or bromonitro-biphenylene oxides exert generally 
the m-directing influence on the further introduction of nitro groups, while 
bromine and the bromophenylene residues of the bromo- or bromonitro- 
biphenylene oxides, the o,p-directing influence on the introduction of the 
same groups. And it must be noticed that this fact occurs only when it 
is compatible with the fact (1). 

(3) The nitro groups introduced are found, in many cases, to be 
distributed evenly between both phenylene residues of biphenylene oxide. 
This fact excludes the formulas VII’, XXIV” and XXVII’. 

(4) When the nitro group already occupies the position 2 or 3, the 
further nitro-substitution does not take place at the position 1 or 4 re- 
spectively in correspondence with that 2 or 3. And when the nitro groups 
already occupy the positions 1 and 3, the further introduction of the same 
group does not occurs at the position 2, though it takes place at the same 
position when the position 3 alone is already occupied by the nitro group. 

(5) The nitro-substitution hardly takes place at the position 1 of 
the 2-bromo-3-nitrophenylene residue, whereas the same reaction occurs 
without too much difficulty at the position 4 of the 3-bromo-2-nitro- 
phenylene residue, even though they contradict to the general rule (2), 
it is because of the compound XI which did not give any higher nitro 
derivative, while the compounds II, V and XIII gave the compounds III, 
VI and XVIII respectively as the higher nitro derivatives. This fact 
admits no dispute about the formula XXII, and also enables us to infer that 
the nitro-substitution will occur more readily at the position 4 than at 
the position 1 of the 2,3-dibromophenylene residue. From this reason 
the formulas XXIV’ and XXV” are excluded. 

Of the dinitro derivatives of 1,3,6,7-tetrabromobiphenylene oxide, the 
higher melting one should be the 2,5-dinitro compound XXVI, and the 
lower melting one, the 2,8-dinitro compound XXVII, because the former 
is the main product and the latter, a by-product. 
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For the benefit of the confirmation of the constitutions of those 
bromo-nitrobiphenylene oxides, the absorption curves of those compounds 
were compared with those of the corresponding nitro compounds and the 
related bromo-nitrobiphenylene oxides as in Figs. 1~15. 


Absorption curves of the derivatives of biphenylene oxide. 
M/10000 alcoholic solutions, 
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I 2-Nitro derivative. I 3-Nitro derivative. 

II 6-Bromo-2-nitro derivative. II 6-B.omo-3-nitro derivative. 
III 7-Bromo-2 nitro derivative. III 2-Bromo-3-nitro derivative. 
EV SBeemeS-alire derivative. IV 2,6-Dibromo-3-nitro derivative. 

V_ 3,6-Dibromo-2-nitro derivative. 

VI 3,7-Dibromo-2-nitro derivative. Fig. 2. 

Fig. 1. 
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I 1,8-Dinitro derivative. I 6-Bromo-4,7-dinitro derivative. 

II 3,6-Dibromo-1,8-dinitro derivative. II 3,6-Dibromo-4,7-dinitro derivative. 
III 2,3,6,7-Tetrabromo-4,5-dinitro » . III 2,3,6-Tribromo-4,7-dinitro derivative. 
IV 3,6-Dibromo-1,2,8-trinitro ” 6 IV 2,3,6,8-Tetrabromo-4,7-dinitro ,, . 


Fig. 3. Fig. 4. 
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2,6-Dinitro derivative. 
3-Bromo-2,6-dinitro derivative. 
7-Bromo-2,6-dinitro derivative. 
3,7-Dibromo-2,6-dinitro derivative. 


Fig. 5. 


3,6-Dinitro derivative. 
1-Bromo-3,6-dinitro derivative. 
7-Bromo-3,6-dinitro derivative. 
1,8-Dibromo-3,6-dinitro derivative. 


I 1,3,8-Trinitro derivative. 
II 6-Bromo-1,3,8-trinitro derivative. 


Fig. 9. 


{7A (mm-!) 
| 





} 
| 

4 _ 4 An 
le 


j———14 - — 
=> 


a 
is 


| 


= 
| 








2,7-Dinitro derivative. 
6-Bromo-2,7-dinitro derivative. 
III 3,6-Dibromo-2,7-dinitro derivative. 


Fig. 6. 
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I 1,3,6,7-Tetranitro derivative. 
Il 6-Bromo-1,3,7-trinitro derivative. 
III 6-Bromo-1,3,5,7-tetranitro derivative. 





























2,3,6-Trinitro derivative. 
7-Bromo-2,3,6-trinitro derivative. 
1,8-Dibromo-2,3,6-trinitro derivative. 


Fig. 10. 
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I 2,3,7-Trinitro derivative. I 3,5,7-Trinitro derivative. 
Il 6-Bromo-2,3,7-trinitro derivative. II 2,6-Dibromo-3,5,7-trinitro derivative. 


Fig. 11. Fig. 12. 

















2,4,6,7-Tetranitro derivative. 6-Bromo-2,4,5,7-tetranitro derivative. 
3-Bromo-2,4,6,7-tetranitro derivative. 3,6-Dibromo-2,4,5,7-tetranitro » . 
3,6-Dibromo-2,4,7-trinitro derivative. 2,3,6,7-Tetrabromo-4,5-dinitro » . 


Fig. 13. Fig. 14. 




















I 3,6-Dibromo-4-nitro derivative. 
II 6-Bromo-4-nitro derivative. 
III 6-Bromo-l-nitro derivative. 


Fig. 15. 
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The absorption curves of 1,6-dinitro- and 1,3,6-trinitro-biphenylene 
oxides have already been compared in Part V with those of their bromo- 
derivatives. 

From the comparison among the curves in Figs. 1 and 2, especially 
in the former, it may be found that the bromo-substitution in the nitro- 
biphenylene oxides shifts and deforms the curves of the parent compounds, 
and that those effects of bromine are greater when the substitution takes 
place in the nitro-phenylene residues, than when it does in the phenylene 
residues which have no nitro group. These effects, however, are not so 
remarkable as to change completely the curves of the parent compounds, 
therefore, the curves in each of the above figures are liable to resemble 
to each other in some degree. In fact, the curve of the compound XIV, 
which was regarded as 3,6-dibromo-4-nitrobiphenylene oxide, resembles 
more closely to that of 6-bromo-4-nitrobiphenylene oxide, than to that of 
6-bromo-1l-nitrophenylene oxide in Fig. 15. And the curve of the com- 
pound XXV, which was regarded as 2,3,6,7-tetrabromo-4,5-dinitrobi- 
phenylene oxide, resembles indeed more closely to those of the derivatives 
of 4,5-dinitrobiphenylene oxide in Fig. 14, rather than to those of the 
derivatives of 1,8-dinitrobiphenylene oxide in Fig. 3. 

As seen from the comparison of the curves in Figs. 4 and 6, 6-bromo- 
4,7-dinitro and 3,6-dibromo-2,7-dinitro-biphenylene oxides have excep- 
tionally special curves. But a certain resemblance can be found when both 
of these curves are compared with that of 3-bromo-2-nitrobiphenylene 
oxide, a parent compound, in Fig. 1. 


Experimental. 


(1) Nitro-derivatives of 3-bromobiphenylene oxyde. 6-Bromo-2,7-dinitrobipheny- 
lene oxide (1). 6-Bromo-2-nitrobiphenylene oxide (5.28g.) was dissolved in hot 
fuming nitric acid (d=1.45; 200c.c.), and after being kept on standing 20 minutes 
the reaction mixture was poured into ice, when pale yellow precipitates separated 
out. The reaction product (6.67 ¢g.) was recrystallized from acetic acid, into pale 
yellow needles, m.p. 254-255° (corr.) (Yield 4.45¢g. Found: N, 8.25; Br, 23.58. 
Cale. for C,,H,;OBr(NO,).: N, 8.31; Br, 23.71%). It is readily soluble in acetone 
and chloroform, and fairly in benzene, acetic acid and ethyl acetate, and sparingly in 
alcohols, carbon tetrachloride, ether and ligroin. 

6-Bromo-2,3,7-trinitrobiphenylene oxide (II). 6-Bromo-2,7-dinitrobiphenylene 
oxide (2g¢.) was dissolved in warm fuming nitric acid (d=1.52; 10c.c.), and when 
the reaction mixture was diluted with ice, pale yellow precipitates separated out. 
The reaction product (2.42 ¢.) was extracted with ethanol, and the residue was 
recrystallized from acetic acid into pale yellow short needles, m.p. 254—-255° (corr.) 
(Yield 1.2g. Found: N, 11.14; Br, 20.97. Cale. for C,,H,OBr(NO,.),: N, 11.00; Br, 
20.92%). It is readily soluble in acetone, fairly in benzene, acetic acid and ethyl 
acetate, and sparingly in alcohols, chloroforin, carbon tetrachloride, benzene, ether 
and ligroin. 

6-Bromo-2,3,5,7-tetranitrobiphenylene oxide (III). 6-Bromo-2,3,7-trinitrobipheny- 
lene oxide (1 g.) was heated for one hour with fuming nitric acid (d=1.52; 10c.c.) 
on the water-bath, and when the reaction mixture was poured into ice, white pre- 
cipitates separated out. The reaction product (0.9 ¢.) was recrystallized from acetone 
into almost colourless hexagonal plates, m.p. 278-279° (corr.) (Yield 0.7g. Found: 
N, 13.21; Br, 16.84. Cale. for C,;,H,OBr(NO.),: N, 13.12; Br, 16.93%). The same 
compound was also isolated from the nitration products of 6-bromo-3,7-dinitrobi- 
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phenylene oxide. It is readily soluble in acetone and ethyl acetate, fairly in benzene 
and acetic acid, and sparingly in alcohols, chloroform, carbon tetrachloride, ether and 
ligroin. 

6-Bromo-3,7-dinitro-(or 3-bromo-2,6-dinitro-) biphenylene oxide (IV). (i) 
6-Bromo-3-nitrobiphenylene oxide (4¢.) was dissolved in warm nitric acid (d=1.45; 
100 c.c.), and the reaction product separated out on dilution was recrystallized from 
acetic acid into pale yellow needles, m.p. 216-217°(corr.) (Yield 4.2¢. Found: 
N, 8.33; Br, 23.76. Cale. for C;,H;OBr(NO.).: N, 8.31; Br, 23.71%). It is readily 
soluble in acetone, acetic acid, benzene, chloroform and ethyl acetate, and fairly in 
alcohols, carbon tetrachloride, ether and ligroin. 

(ii) 3-Bromo-2-nitrobiphenylene oxide (2 g.), which was obtained from 3-amido- 
2-nitrobiphenylene oxide by the Sandmeyer’s diazo-reaction, was dissolved in warm 
nitric acid (d=1.45; 30 c.c.), and the reaction product, separated out on dilution, was 
recrystallized from acetic acid into pale yellow needles melting at 216-217°(corr.) 
(Yield 2.1g.). No depression of its melting point was observed when it was mixed 
with the bromodinitrobiphenylene oxide obtained from 6-bromo-3-nitrobiphenylene 
oxide. 

6-Bromo-1,3,7-trinitro- (V) and 6-bromo-2,3,5,7-tetranitro (or 3-bromo-2,4,6,7- 
tetranitro)- (III)-biphenylene oxides. 6-Bromo-3,7-dinitrobiphenylene oxide (3 g.) 
was heated for one hour on the water-bath with nitric acid (d=1.52; 30c.c.), and the 
reaction product (2.9 g.) separated out on dilution was recrystallized from acetic acid 
into colourless small prismatic needles, m.p. 251-252°(corr.) (Yield 0.2g. Found: 
N, 10.91; Br, 20.78. Cale. for C,,H,OBr(NO.),: N, 11.00; Br, 20.92%). It is 
readily soluble in acetone, benzene and ethyl acetate, fairly in alcohols and acetic 
acid, and sparingly in chloroform, carbon tetrachloride, ether and ligroin. The dis- 
solved part was recovered from the acetic mother-liquor and extracted with ethanol 
and cloroform. And the residue was recrystallized from a mixture of acetone and 
ethanol, colourless plates melting at 278-279°(corr.) (Yield 0.6g.). The latter com- 
pound is identical in all respects with the bromotetranitrobiphenylene oxide obtained 
from 6-bromo-2,3,7-trinitrobiphenylene oxide as above described. 

6-Bronio-1,3,5,7-tetranitrobiphenylene oxide (VI). 6-Bromo-1,3,7-trinitrobipheny- 
lene oxide (0.2 g.) was heated for 2 hours with a large excess of nitric acid (d=1.52). 
The reaction product (0.21¢.) separated out on dilution was recrystallized from 
benzene into colourless micro rectangular plates, m.p. 285-286°(corr.) (Yield 0.18 g. 
Found: N, 13.22; Br, 16.89. Cale. for C,,H,OBr(NO.),: N, 13.12; Br, 16.93%). 
It is readily soluble in acetone and ethyl acetate, fairly in benzene and acetic acid, 
and sparingly in alcohols, chloroform, carbon tetrachloride, ether and ligroin. 

6-Bromo-4,7-dinitrobiphenylene oxide (VII). When 6-Bromo-4-nitrobiphenylene 
oxide (2 g.) was treated for 1 hour with a large excess of warm nitric acid (d=1.45), 
the large crystals of this oxide perfectly changed into micro needles. These needle 
crystals were separated from the reaction mixture on cooling, and extracted with 
carbon tetrachloride to the removal of higher nitro-derivatives. The extract was 
evaporated to dryness and the residue was recrystallized from acetone-ethanol into 
pale yellow needles, m.p. 198-199°(corr.) (Yield 16g. Found: N, 8.58; Br, 23.53. 
Cale. for C,,.H;OBr(NO.).: N, 8.31; Br, Br, 23.71%). It is readily soluble in acetone, 
benzene, chloroform and ethyl acetate, fairly in acetic acid, carbon tetrachloride and 
ethano], and sparingly in ether, ligroin and methanol. 

6-Bromo-2,4,5,7-tetranitrobiphenylene oxide (VIII). 6-Bromo-4,7-dinitrobpheny- 
lene oxide (1.5 g.) was strongly nitrated by being heated for 1 hour with fuming nitric 
acid (d=1.52; 15c.c.), and the reaction product (1.3 ¢.) separated out on dilution 
was recrystallized from acetone into colourless rectangular plates, d.p. 329°(corr.) 
(Yield 0.9g. Found: N, 13.29; Br, 16.88. Cale. for C,,.H,OBr(NO.),: N, 13.12; 
Br, 16.93%). It is sparingly soluble in the ordinary organic solvents except acetone 
and ethyl acetate which dissolve it fairly. 


(2) Nitro-derivatives of 2-bromobiphenylene oxide. 7-Bromo-2,6-dinitrobipheny- 
lene oxide (1X). T7-Bromo-2-nitrobiphenylene oxide (2¢g.) was dissolved in warm 
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nitric acid (d=1.45; 20¢.c.), and the crystals of the reaction product separated on 
cooling and recrystallized from acetic acid into paie yellow needles melting at 
223-224°(corr.) (Yield 1.9¢. Found: N, 8.27; Br, 23.62. Cale. for C,,H-OBr 
(NO.).: N, 8.31; Br, 23.71%). It is readily soluble in acetone, benzene, chloroform 
and ethyl acetate, fairly in alcohols, acetic acid and carbon tetrachloride, and difficultly 
in ether and ligroin. 

7-Bromo-3,6-dinitrobiphenylene oxide (X). 2-Bromo-3-nitrobiphenylene oxide 
(2 g.), which was obtained from 2-amido-3-nitrobiphenylene oxide by the Sandmeyer’s 
reaction according to B. Kubota and his co-worker(), was treated for half an hour 
with warm nitric acid (d=1.45; 20c.c.), and the reaction product (2.15 ¢.) separated 
out on dilution was recrystailized from acetone-ethanol into yellow needles melting 
at 254-255°(corr.) (Yield 1.2g. Found: N, 8.36; Br, 23.59. Cale. for C,,.H,OBr 
(NO,).: N, 8.31; Br, 23.71%). It is readily soluble in acetone, benzene, chloroform 
and ethyl acetate, and sparingly in alcohols, acetic acid, carbon tetrachloride, ether 
and ligroin. 

7-Bromo-2,3,6-trinitrobiphenylene oxide (XI). (i) 7-Bromo-2,6-dinitrobiphenylene 
oxide (2.5 g.) was dissolved in warm nitric acid (d=1.52; 25c.c.), and, after being 
kept on standing for 1 hour, the reaction mixture was poured into water. The reaction 
product (2.4¢.) was separated and recrystallized from acetic acid into pale yellow 
prismatic needles melting at 248-249°(corr.) (Yield 1.1g. Found: N, 11.24; Br, 
20.74. Cale. for C,.H,OBr(NO.).,: N, 11.00; Br, 20.92%). It is readily soluble in 
acetone, benzene, chloroform and ethyl acetate, fairly in alcohols and acetic acid, and 
sparingly in ether, ligroin and carbon tetrachloride. This bromotrinitro compound 
gives no higher nitro derivative even when it is boiled with a large excess of fuming 
nitric acid (d=1.52). 

(ii) 7-Bromo-3,6-dinitrobiphenylene oxide (1g.) was strongly nitrated with 
fuming nitric acid (d=1.52), and the reaction product (1.1¢g.) separated out on 
dilution was recrystallized from acetic acid into pale yellow prismatic needles melting 
at 248-249°(corr.) (Yield 0.9¢.). When it was mixed with the corresponding com- 
pound obtained from 7-bromo-2,6-dinitrobiphenylene oxide no depression of its melting 
point was observed. 


(3) Nitro-derivatives of 3,6-dibromobiphenylene oxide, 3,6-Dibromo-2-nitro- 
biphenylene oxide (XII). When 3-Bromo-2-nitrobiphenylene oxide (l1g.) was 
heated for 12 hours with a large excess of bromine (2 g.) in boiling acetic acid (20.c.c.) 
the colour of bromine disappeared. The reaction product (1.25 ¢g.) separated out on 
dilution was recrystallized from acetic acid into pale yellow needles, m.p. 190-191° 
(corr.) (Yield 1.1g. Found: N, 3.84; Br, 42.87. Cale. for C;,H;OBr,NO,: N, 3.78; 
Br, 43.08%). It is readily soluble in acetone, benzene, chloroform and ethyl acetate, 
fairly in acetic acid and carbon tetrachloride, and sparingly in alcohols, ether and 
ligroin. It can also be obtained as below from 3,6-dibromobiphenylene oxide. 

3,6-Dibromo-2,7-dinitrobiphenylene oxide (XIII). (i) 3,6-Dibromo-biphenylene 
oxide (3 g¢.) was treated for 1 hour with a large excess of warm nitric acid (d=1.45). 
The undissolved part of the reaction product was separated on cooling from the 
reaction mixture and extracted with acetone-alcohol to the removal of the unacted 
dibromo-compound. The residue was then recrystallized from acetic acid into pale 
yellow prisms, m.p. 297-—298° (corr.) (Yield 2.5 g. Found: N, 6.53; Br, 38.59. Cale. for 
C,.H,OBr,(NO.).: N, 6.74; Br, 38.42%.). It is fairly soluble in acetone, benzene, 
chloroform and ethyl acetate, and sparingly in alcohols, acetic acid, carbon tetra- 
chloride, ether and ligroin. 

(ii) 3,6-Dibromo-2-nitrobiphenylene oxide (0.5 g¢.) was treated for half an hour 
with a large excess of warm nitric acid (d=1.45). The undissolved part (0.35 ¢.) of 
the reaction product was separated on cooling and extracted with carbon tetrachloride 
to the removal of the unacted dibromonitro-compound, and the residue was successively 
recrystallized from acetone and acetic acid into pale yellow prisms, m.p. 297—298° 
(corr.). It is identical in all respects with the corresponding compound obtained 
from 3,6-dibromobiphenylene oxide. 
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3,6-Dibromo-2-nitro (XII)- and 3,6-dibromo-4-nitro (XIV)-biphenylene oxides. 
Finely pulverized 3,6-dibromobiphenylene oxide (22¢.) was treated for 1 hour at 
about 50° with warm nitric acid (d=1.45; 50c.c.), and the undissolved part (25.7 g.) 
of the reaction preduct was fractionated by the successive extractions with acetone. 
The readily soluble part was again extracted with acetic acid, and the dissolved part 
was recrystallized from the same solvent into pale yellow needles melting at 190-191° 
(corr.) (Yield 12¢.). It is identical with the corresponding compound obtained by 
the bromination of 3-bromo-2-nitropiphenylene oxide, and, therefore, it must be 3,6- 
dibromo-2-nitrobiphenylene oxide. The sparingly soluble part (1.5¢.) of the reaction 
product was recrystallized from benzene into pale yellow needles, m.p. 245-247° (corr.) 
(Yield 1.03¢g. Found: N, 3.55; Br, 44.05. Cale. for C,,H;OBr.NO,: N, 3.78; Br, 
43.087). It is sparingly soluble in the ordinary organic solvents except benzene and 
chloroform which dissolve it fairly. The latter product should be 3,6-dibromo-4-nitro- 
biphenylene oxide, but not 3,6-dibromo-1l-nitrobiphenylene oxide, because the product 
gives 3,6-dibromo-2.4,7-trinitrobiphenylene oxide on further nitration. 

3,6-Dibromo-4,7-dinitrobiphenylene ovide (XV). 3,6-Dibromo-4-nitrobiphenylene 
oxide (0.7 ¢.) was heated for half an hour on the water-bath with a large excess of 
nitric acid (d=1.45), and the reaction product was recrystallized from acetone into 
colourless rectangular plates, m.p. 273-274°(corr.) (Yield 0.5g. Found: N, 6.71; 
Br, 38.47. Cale. for C,.H,OBr.(NO.),: N, 6.75; Br, 38.42%). 

3,6-Dibromo-2,4,7-trinitrobiphenylene oxide (XVI). (i) 3,6-Dibromobiphenylene 
oxide (3.26 g.) was dissolved in warm nitric acid (d=1.52; 40c.c.), and, after being 
kept on standing half an hour, the reaction mixture was diluted with water, then the 
colourless precipitates separated out. The reaction product (4.66 ¢.) was repeatedly 
recrystallized from acetone-methanol into colourless small hexagonal plates, m.p. 
275-276°(corr.) (Yield 2.9g. Found: N, 9.01; Br, 34.73. Cale. for C,.H,OBr, 
(NO.,).: N, 9.12; Br, 34.67%). It is readily soluble in acetone, benzene, chloroform 
and ethyl acetate, fairly in acetic acid and carbon tetrachloride, and sparingly in 
alcohols, ether and ligroin. 

(ii) When 3.6-Dibromo-2,7-dinitrobiphenylene oxide (1lg.) was dissolved in 
warm nitric acid (d=1.52; 10c¢.c.), and the reaction mixture was diluted with water, 
the colourless precipitates separated out. The reaction product (1.1 g.) was recry- 
stallized from acetone-methanol into colourless hexagonal plates melting at 275-276 
(corr.) (Yield 0.8g. Found: N, 9.27; Br, 34.49. Cale. for C,,.H,OBr,(NO,),: N, 
9.12; Br, 34.67%). It is identical in all respects with the corresponding compound 
obtained as described above by the direct nitration of 3,6-dibromobiphenylene oxide. 

(iii) 3,6-Dibromo-4,7-dinitrobiphenylene oxide was dissolved in a large excess 
of warm nitric acid (d=1.52), and the reaction mixture was treated as in the case (i). 
The reaction product recrystallized from acetone-methanol is identical in all respects 
with the dibromotrinitrobiphenylene oxide which was obtained from 3,6-dibronio-2,7- 
dinitrobiphenylene oxide. 

3,6-Dibromo-2,4,5,7-tetranitrobiphenylene oxide (XVII). 3,6-Dibromo-2,4,7-trini- 
trobiphenylene oxide (1g.) was heated for 1 hour on the water-bath with nitric acid 
(d=1.52; 10c¢.c.), and the reaction product (0.7 ¢.) separated out on dilution was 
recrystallized from acetone-ethanol into colourless needles melting at 352-354° (corr.) 
with decomposition, (Yield 0.5g. Found: N, 10.95; Br, 31.42. Cale. for C,,H,OBr, 
(NO.), N, 11.07; Br, 31.59%). It is readily soluble in acetone, benzene and ethyl 
acetate, and sparnigly in the other ordinary organic solvents. 

3,6-Dibromo-1,2.8-trinitrobiphe nyle ne. oxide (XVIII). 3,6-Dibromo-1,8-dinitro- 
biphenylene oxide (1 g.) was dissolved in a large excess of warm nitric acid (d 1.52; 
20 c.c.), and the reaction product (1.07 g.) separated out on dilution was recrystallized 
from acetone into colourless leaflets melting at 334-334.5°(corr.) with decomposition 
(Yield 1.0g. Found: N, 8.99; Br, 34.79. Cale. for C,.H,OBr.(NO.),: N, 9.12; Br, 
34.67%). It is sparingly soluble in the ordinary organic solvents except acetone 


which dissolves it fairly. 
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(4) Nitro-derivatives of 2,6-dibromobiphenylene oxide. 2,6-Dibromo-3-nitro- 
biphenylene owide (XI). When 2-Bromo-3-nitrobiphenylene oxide (2.92 ¢.) was 
heated for 20 hours with a large execss of bromine (4¢g.) in boiling acetic acid (30 
c.c.), the colour of bromine disappeared. The reaction product separated out on 
dilution was recrystallized from acetone-ethanol into yellow prisms melting at 205-206° 
(corr.) (Yield 3.5g. Found: N, 3.75; Br, 43.20. Cale. for C,.H;OBr,NO,: N, 3.78; 
Br, 45.08%). It is sparingly soluble in alcohols, and readily in the other ordinary 
organic solvents. 

2,6-Dibromo-7-nitrobiphenylene oxide (XX). 2,6-Dibromobiphenylene oxide (1.63 
g.) was dissolved in glacial acetic acid (25¢.c.), and, after addition of nitric acid 
(d=1.52; 2.5¢.c.), the mixture was heated on the water-bath. The reaction product 
separated out on dilution was recrystallized from ethanol into pale yellow needles 
melting at 209-210°(corr.) (Yield 0.9g. Found: N, 3.80; Br, 43.21. Cale. for 
C,.H,OBr,.NO,: N, 3.78; Br, 43.08%). It is readily soluble in acetone, acetic acid, 
benzene, chloroform, carbon tetrachloride, ether and ethyl acetate, and fairly in alcohols 
and ligroin. When it was mixed with the dibromonitro-compound obtained by the 
bromination of 2-bromo-3-nitrobiphenylene oxide, its melting point was exceedingly 
depressed. 

2.6-Dibromo-3,7-dinitro (or 3,7-dibromo-2,6-dinitro)-biphenylene oxide (XXI). 
(i) When 2,6-Dibromo-3-nitrobiphenylene oxide (1 g.) was treated for 10 minutes 
with warm nitric acid (d=1.45c.c.), the crystalline form of the oxide completely 
changed. The reaction product was recrystallized from acetone into pale yellow 
hexagonal plates, m.p. 262-263°(corr.) (Yield 0.75g. Found: N, 6.76; Br, 38.38. 
Cale. for C,,H,OBr,(NO.),: N, 6.74; Br, 38.42%). It is fairly soluble in acetone, 
acetic acid, benzene, chloroform and ethyl acetate, and sparingly in alcohols, carbon 
tetrachloride, ether and ligroin. 

(ii) 2,6-Dibromo-7-nitrobiphenylene oxide (0.6g.) was heated for 3 hours on 
the water-bath with nitric acid (d—1.45; 10c.c.), and the reaction product separated 
out on dilution was recrystallized from acetone into pale yellow hexagonal plates, 
m.p. 262-263°(corr.) (Yield 0.4g.). It is identical with the corresponding compound 
cbtained from 2,6-dibromo-3-nitrobiphenylene oxide. 

2,6-Dibromo-3,5,7-trinitrobiphenylene oxide (XXII). 2,6-Dibromo-3,7-dinitrobi- 
phenylene oxide (0.8 g.) was warmed with nitric acid (d=1.52; 10c.c.) for 10 minutes 
on the water-bath, and the reaction product separated out on dilution was recrystallized 
from acetone-ethanol into colourless needles, m.p. 257-258°(corr.) (Yield 0.83 ¢. 
Found: N, 9,07; Br, 34.49. Cale. for C,.H,OBr,(NO.),: N, 9.12; Br, 34.679). It 
is readily soluble in acetone, fairly in acetic acid, benzene, chloroform and ethyl 
acetate, and sparingly in alcohols, carbon tetrachloride, ether and ligroin. This dibro- 
motrinitro-compound hardly gives any higher nitro-derivative, even when it is boiled 
with fuming nitric acid (d 1.52). 


(5) Nitro-derivative of 1,8-dibromobiphenylene oxide. 1,8-Dibromo-2,3,6- 
trinitrobiphenylene oxide (XXIII). 1,8-Dibromo-3,6-dinitrobiphenylene oxide (0.5 g.) 
was treated for 1 hour with warm nitric acid (d=1.52; 10c.c.), and the reaction 
mixture was diluted with water, and then colourless precipitates separated out. The 
reaction product (0.51 g.) was recrystallized from acetone-methanol into colourless 
rectangular plates, m.p. 297-298°(corr.) (Yield 0.45g. Found: N, 9.03; Br, 34.52. 
Cale. for C,,H,OBr,(NO.).: N, 9.12; Br, 34.677). It is readily soluble in acetone, 
fairly in benzene and ethyl acetate, and sparingly in alcohols, acetic acid, chloroform, 
carbon tetrachloride, ether and ligroin. 


(6) Nitro-derivative of 2,3,6-tribromobiphenylene oxide. 2,3,6-T ribromo-4,T- 
dinitrobiphenylene oxide (XXIV). 2,3,6-Tribromobiphenylene oxide (3¢g.) was dis- 
solved in hot nitric acid (d=1.45), and the reaction product separated out on cooling 
was recrystallized from acetone ethanol into colourless needles or rhombic plates, m.p. 
256-257°(corr.) (Yield 18g. Found: N, 5.65; Br, 48.38. Cale. for C,,H,OBr, 
(NO.,).: N, 5.66; Br, 48.44°7). It is readily soluble in acetone, benzene and ethyl 
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acetate, fairly in acetic acid and chloroform, and sparingly in alcohols, carbon tetra- 
chloride, ether and ligroin. 


(7) Nitro-derivative of 2,3,6,7-tetrabromobiphenylene oxide. 2,3,6,7-Tetrabromo- 
4,5-dinitrobiphenylene oxide (XXV). Finely pulverized 2,3,6,7-tetrabromobiphenylene 
oxide (1 g.) was treated for 1 hour with a large excess of boiling nitric acid (d—1.52) 
and the reaction product (1.18 g.) separated out on dilution was recrystallized from a 
large quantity of acetone into colourless rhombic plates or needles, m.p. 364-365° 
(corr.) with decomposition, (Yield 0.9g. Found: N, 4.86; Br, 55.54. Cale. for 
C,.H,OBr,(NO.,),: N, 4.88; Br, 55.69%). It is sparingly soluble in the ordinary 
organic solvents except acetone, benzene and ethyl acetate which dissolve it fairly. 


(8) Nitro-derivatives of 1,3,6,7-tetrabromobiphenylene oxide. 1,3,6,7-Tetra- 
bromo-2,5-dinitro (or 2,3,6,8,-tetrabromo-4,7-dinitro)- and 1,3,6,7-tetrabromo-2,8- 
dinitro-biphenylene oxides (XXVI) and XXVII). When 1,3,6,7-Tetrabromobiphenylene 
oxide (0.7 g.) was treated for half an hour with warm nitric acid (d=1.52; 10c.c.), 
the crystalline form of this compound completely changed. The reaction product was 
separated from the reaction mixture and extracted with acetone-ethanol: The residue 
was recrystallized from acetone, and two kinds of crystals were isolated by decanta- 
tion. The one is colourless needles melting at 329-330°(corr.) (Yield 0.3 ¢. Found: 
N, 4.97; Br, 55.51. Cale. for C,,H,OBr,(NO,).: N, 4.88; Br, 55.69%), and the 
other is pale yellow compact prisms melting at 297-298(corr.) (Yield 0.15 ¢. Found: 
N, 5.05; Br, 55.47%). Both of these derivatives are sparingly soluble in the ordinary 
organic solvents. 


Summary. 


(1) Twenty seven higher nitro-derivatives of 2- and 3-bromo-, 2,6-, 
3,6- and 1,8-dibromo-, 2,3,6-tribromo-, and 1,3,6,7- and 2,3,6,7-tetrabromo- 
biphenylene oxides were newly obtained by nitrating the corresponding 
lower nitro-derivatives, and their constitutions were established. 

(2) The absorption curves of those bromonitro-compounds were 
compared with each other, and also with those of the corresponding nitro- 
biphenylene oxides, to the confirmation of their constitutions as a 
consequence. 

(3) In the nitration of the bromo- and bromonitro-biphenylene 
oxides, it was found that when the relative arrangements of the sub- 
stituents at the 2- and 3-positions to the 1-position are the same as 
those of the same substituents at the 3- and 2-positions to the 4-position, 
the introduction of the nitro group more readily takes place at the 4-posi- 
tion than at the 1-position. 


In conclusion, the author wishes to express his hearty thanks to Prof. 
R. Majima of Osaka Imperial University and S. Oba, the principal of 
Yonezawa Higher Technical School, for their kind advices and encourage- 
ments. The cost of this research has been defrayed from the Scientific 
Research Expenditure of the Department of Education, for which also 
the author wishes to record his thanks. 


Yonezawa Higher Technical School 


Yonezawa, Japan. 
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The Formation of d-Ribomethylose. 


By Koichi IWADARE. 


(Received November 11, 1941.) 


About the formation of d-ribomethylose it was already reported by 
IF, Micheel,“’ who prepared it by hydrolizing the sirupy diacetyl d- 
ribomethylose obtained from digitoxoseen diacetate. t was, however, 
obtained only in the form of osazones, the derivatives, which were the 
same as those of d-arabomethylose. In the cours ’ our investigations 
on monoses,”) attempts were made 
purpose, d-allomethylose, which is obtained from /J/-rhamnose_ by 
Levene’s) method, is used as the starting substance. That is, /]-rhamnose 
is shaken with acetone, containing sulphuric acid, and 2,3-monoacetone 
l-rhamnose thus obtained is tosylated with p-toluene sulphonyl chloride 
to 5-tosyl 2,3-monoacetone /-rhamnose. And the latter is transformed 
into 2,3-monoacetone methyl d-allomethyloside by inversion with sodium 
methylate. It is purified by tosylation followed by detosylation, and hy- 
drolized to d-allomethylose. 

d-Allomethylose is degraded by Wohl’s method? to d-ribomethylose. 
Namely d-allomethylose is added to methyl alcohol containing hydroxyl- 
amine, and the mixture is warmed for a short while to dissolve the sugar, 
and filtered, if necessary, after being kept standing overnight, and con- 
centrated under the diminished pressure to thick sirup. On adding a 
small quantity of methyl alcohol, it soon crystallizes into fine colourless 
needles, melting point, 146-146.5°C. (corrected). It mutarotates in 
aqueous solution. The specific rotatory power, [a], is +54° (6 minutes 
after being dissolved.) It changes to +5° after 2 hours and then to —4 
after 4 hours (in equilibrium). 


' 
4 iy 
i 


to prepare this sugar. or this 


| 
CHOH CHNOH 


H—C—OH H—C—OH ,—OCOCH 
H—C—OH NH.OH H—C—OH (CH,CO),O ‘—OCOCH 


> 


H—C—OH H—C—OH O >—OCOCH; 


H—C H—C C—OCOCH, 
! 
CH CH CH, 
Tetracetyl d-allo- 


d-Allomethylose d-Allomethyloxime methylonic nitrile 


(1) F. Micheel, Ber., 63(1930), 347. 

(2) K. Iwadare, S. Fukunaga, and B. Kubota, This Bulletin, 12(1937), 116; 
K. Iwadare and B. Kubota, Sci. Pap. Inst. Phys. Che Research, 34 (1938), 185. 

(8) P. A. Levene and J. Compton, J. biol. Chem., 116(1936), 169. 

(4) A. Wohl, Ber., 26(1893), 730, 30(1897), 3101; 32 (1899), 3666. 
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o—— 
CHOH 

H—C—OH H—C—OH 
| 


] 
H ~C—OH H—C—OH O 


H—C—OH H—C 
CH CH 


d-Ribomethylose 
diacetamide 


d-Ribomethylose 

d-Allomethyloxime is acetylated with acetic anhydride and anhydrous 
sodium acetate. Tetracetyl d-allomethylonic nitrile thus prepared is ob- 
tained in crystals, melting point, 166.5~167° (corrected). Ammonia 
water is added to the crystals and the mixture is warmed for a short time 
to obtain a clear solution, and, after being kept standing for 3 hours, 
concentrated under the diminished pressure to thick sirup, which is again 
dissolved in ammonia water and reconcentrated. On adding alcohol the 
sirup crystallizes into long colourless needles, melting point, 191° (cor- 
rected). The specific rotatory power, [a], of d-ribomethylose diacet- 
amide is +7.4° in aqueous solution. 

The equilibrium rotation of d-ribomethylose is determined by hydroliz- 
ing the known quantity of d-ribomethylose diacetamide with 5% sulphuric 
acid. And the specific rotatory power [a]% is found to be +20 
d-Ribomethylose is obtained as sirup. On heating, it reduces Fehling’s 
solution strongly, and, when heated with phenylhydrazine, phenylhydra- 
zone, melting at 170°C., is obtained. 


Experimental. 1-Allomethylose. This substance was obtained by 
Levene’s method) from 2,3-monoacetone /-rhamnose which was prepared 
by E. Fischer“ from anhydrous /-rhamnose. But now more convenient 
method of preparing monoacetone l-rhamnose was suggested in this ex- 
periment. That is, 100 g. of /-rhamnose hydrate were added to 3.51. of 
acetone containing 35 c.c. of concentrated sulphuric acid, and the mixture 
was vigorously shaken for a short while to dissolve the sugar. Then, 
after 5 hours standing, the solution was neutralized with anhydrous 
sodium carbonate, and filtered. The filtrate was evaporated into a small 
volume at ordinary pressure and then into thick sirup in vacuum. The 
sirup (115 g.) thus obtained was dissolved in 11. of dry ether and the 
l-rhamnose, separated overnight, was filtered. The filtrate was evaporated 
into sirup and again dissolved in 500c.c. of ether. To this solution, 
an equal volume of petroleum ether was added and the oily substance, 
which separated soon on adding, was removed. The solution was con- 
centrated to sirup, which consisted mainly of 2,3-monoacetone /-rhamnose. 
This sirupy acetone-sugar (80 g.) was dissolved in 400 c.c. of dry pyridine, 
cooled at 0°C., and 80g. of p-toluene sulphonyl chloride, dissolved in 
200 c.c. of chloroform, was added to it. The mixture was kept at O°C. 
for 1 hour and at room temperature overnight. Then, water (15 c.c.) 
was added to it and after half an hour the mixture was diluted with 


E. Fischer, Ber., 28 (1895), 1162. 
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200 ¢.c. of chloroform, and washed twice with water, thrice with ice- 
cooled 10‘% sulphuric acid to remove pyridine, twice with ice-cooled 
saturated sodium bicarbonate solution and then twice with water. The 
chloroform solution was dried with calcium chloride and evaporated under 
the diminished pressure; toluene was added to it, and reconcentrated. 
The sirup was dissolved in a small quantity of toluene and petroleum 
ether was added to turbidity. Crystallization of 2,3-moncacetone 5-tosyl 
l-rhamnose began immediately, and it was filtered after being kept on 
standing overnight in a refrigerator. Yield, 33g. And the oily sub- 
stance (30 ¢.), which had been separated from ether solution of acetone- 
sugar on adding petroleum ether, was dissolved in 150 c.c. of ether and 
the equal quantity of petroleum ether was added. The separated oil was 
removed and the solution was concentrated into sirup. The sirup was 
treated in the same way as described above, and 8g. of the tosyl deriva- 
tive was obtained. Thus, the total yield of 2,3-monoacetone-5-tosyl 
l-rhamnose from 100g. of /-rhamnose hydrate amounted to 41g. This 
substance was treated just like Levene’s method. Namely, 40g. of it 
were dissolved in 800 c¢.c. of methanol which contained 12 g. of sodium 
methylate. After being kept on standing overnight, excess of methylate 
was decomposed with carbon dioxide and the solution was evaporated to 
dryness under the reduced pressure. The residue was extracted with 
ether and evaporated into sirup. This sirup (20 g¢.) was dissolved in 
30 ¢.c. of pyridine and 30g. of p-tosyl chloride was added to it. After 
being kept on standing overnight, 10 c.c. of water at first and then 200 c.c. 
of sodium bicarbonate solution were added. Separated crystals were 
filtered and recrystalized from methanol. Yield, 34g. 


5-Tosyl monoacetone methyl-d-allomethylofuranoside (30¢.) was 
dissolved in 1500 c.c. of 80% methanol and 600 g. of 2.5% sodium mercury 
amalgam was added to it in order to hydrolize it reductively to mono- 
acetone methyl-d-allomethyloside. When the reaction ended, the mixture 
was separated from mercury, filtered, and evaporated to dryness. The 
residue was extracted with ether, dried, and distilled. The sirup of mono- 
acetone methyl-d-allomethyloside (15 ¢.) was hydrolized by warming it 
with 300 ¢.c. of 1.5% sulphuric acid on a water-bath. It was neutralized 
with barium carbonate, filtered, and concentrated into sirup. On adding 
alcohol, crystallization occurred at once. Yield, 10 ¢. 


d-Allomethyloxime. 5g. of hydroxylamine hydrochloride were dis- 
solved in 3c.c. of hot water, and neutralized (phenolphthalein) with 6% 
sodium methylate solution. The mixture was cooled and filtered. 10g. 
of allomethylose were dissolved in this solution. After being kept on 
standing overnight, it was filtered, if necessary, and evaporated into sirup. 
On adding methanol, it crystallized soon into colourless needles. It was 
recrystallized from 90‘ alcohol. Melting point, 146-146.5°C. (corrected). 
It showed mutarotation in aqueous _ solution. d-Allomethyloxime 
(0.1639 g.) was dissolved in water, and the volume of the solution was 
made up to 10c¢.c. Its rotations were as follows :— 
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-+0.88° 
+ 0.68° 
+0.08° 
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6 min. 






22 min. 






2 hrs. 









4 hrs. 


20 hrs. 
(in equilibrium) 

















(Found: N, 7.98. Calculated for C;H;,0;N: N, 7.81%). 

Tetracetyl-d-allomethylonic nitrile. d-Allomethyloxime (2¢.) was 
dissolved in 3 c.c. of dioxane and 2g. of anhydrous sodium acetate were 
added to the solution. To this mixture 10c.c. of acetic anhydride was 
added in several portions. On adding each portion, the mixture was 
warmed on a water bath for a short while. After the whole quantity 
of acetic anhydride was added, the solution was warmed on a water-bath 
for 1 hour. Then it was poured over the cracked ice, and sodium bi- 
carbonate solution was added in order to neutralize acetic acid. The 
mixture was extracted with ether, and, on evaporating the solvent, 
tetracetyl-d-allomethylonic nitrile was obtained as yellow sirup. On 
adding alcohol, the sirup crystallized into big colourless plates, melting 
point 166.5-167°C. (Found: N, 4.57. Calculated for C,,H1;,OsN: N, 
4.25%). 

d-Ribomethylose diacetamide. Tetracetyl-d-allomethylonic _ nitrile 
(2 g.) was dissolved in 40 c.c. of concentrated ammonia solution by warm- 
ing it slightly on a water-bath at 50°C. After being kept on standing for 
3 hours it was evaporated under the diminished pressure and the obtained 
sirup was redissolved in ammonia and reconcentrated. To remove water 
from the residue, alcohol was added to it and it was evaporated under the 
diminished pressure. The residue was obtained as crystalline mass. A 
small quantity of alcohol was added to it, and fine colourless needles were 
obtained. It was recrystallized from 95% alcohol. Melting point, 191°C. 
(corrected). The specific rotatory power, [a], of d-ribomethylose di- 
acetamide is +7.4° in aqueous solution. (Found: N, 11.92. Calculated 
for Cy>His0;:N2: N, 11.96%). 

Equilibrium rotation of d-ribomethylose. To get the equilibrium 
rotation of d-ribomethylose, known quantity of the d-ribomethylose di- 
acetamide was hydrolized with 5% hydrochloric acid. Namely, 0.3056 g. 
of d-ribomethylose diacetamide was dissolved in about 5 c.c. of 5% hydro- 
chloric acid, and warmed on a water-bath at 100°C for 1 hour. The 
hydrolized solution was made up to 10c.c. with water, and the rotatory 
power of the solution was measured. Thus the specific rotatory power, 
[a]$, of d-ribomethylose was found to be +20° (calculated from the 
weight of d-ribomethylose formed, the direct reading being +0.36°). 

d-Ribomethylose. d-Ribomethylose diacetamide (1 g.) was hydrolized 
with 0.8N sulphuric acid by warming the solution on a water-bath at 
100°C. It was continuously extracted with ether for 24 hours to remove 
1eutralized with excess of barium carbonate. The mixture 



































acetic acid and? 
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was filtered, evaporated into sirup, and dissolved in absolute alcohol. The 
solution was filtered and evaporated. Thus the sirup of d-ribomethylose 
was obtained. On heating, it reduced Fehling’s solution strongly. Its 
phenylosazone was obtained in usual method. Melting point, 170°C. 


Summary. 


d-Allomethylose is obtained from /-rhamnose by a little modification 
of Levene’s method. And d-ribomethylse is prepared from d-allomethylose 
by Woht’s method of degradation, obtaining on the way d-allomethyloxime 
(melting point, 146~-146.5°, and [a]f§, +54°, 6 minutes after dissolution 
and —4° in equilibrium), tetracetyl d-allomethylonic nitrile (melting point 
166.5~167°), and d-ribomethylose diacetamide (melting point, 191°, and 
[a]p. +7.4°). Equilibrium specific rotation, [a], of d-ribomethylose is 
found to be +20°. 


In conclusion the author wishes to express his hearty thanks to Prof. 


B. Kubota for his kind advice for this experiment. 


Chemical Institute, Faculty of Science, 
Impe rial Unive ‘sity of Tokyo. 





Uber die innermolekulare Drehbarkeit bei einfacher 
Kohlenstoff-Kohlenstoff bindung. 


Von San-ichiro MIZUSHIMA und Yonezo MORINO. 


(Eingegangen am 1]. November 1941.) 


Problemstellung und Schluss. Zur Erklirung der Isomeriefille hat 
die klassische Stereochemie die Vorstellung entwickelt, dass Molekiilteile, 
die durch eine doppelte C=C-Bindung miteinander verkniipft sind, 
gegeneinander um die Achse dieser Bindung nicht verdrehbar sein sollen, 
wihrend fiir die Bewegung um die Achse der einfachen C—C-Bindung 
“freie Drehbarkeit” postuliert wird. Die hinsichtlich der Doppelbindung 
gemachte Aussage ist eindeutig; dagegen lasst das chemische Material 
in Bezug auf die “freien Drehbarkeit’” um die C—C-Achse noch drei 
Moglichkeiten offen, zwischen denen mit Hilfe chemischer Methoden noch 
nicht entschieden ist; nimlich dass 


1) indifferente Rotation der beiden Molekiilhilften stattfindet, oder 
dass 

2) nur eine bestimmte Konfiguration in Frage kommt (vollig 
behinderte Rotation), oder dass 


Li) 
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3) ein sich schnell einstellendes Gleichgewicht besteht zwischen 
mehreren Konfigurationen mit verschiedenem Azimut (Rota- 
tionsisomerie). 


Seit 1932 haben wir das Problem auf Grund physikalischer Messungen 


(Dipolmoment und Ramaneffekt) angegriffen und den Schluss gezogen, 
dass fiir viele Molekiile bei tiefen und mittleren Temperaturen 


im festen Zustand die obige Auffassung 2, und 
im fliissigen oder gasférmigen Zustand die obige Auffassung 3 


zutreffend ist. Im folgenden sollen die Messergebnisse und Diskussion 
kurz berichtet werden. 
Dipolmoment. Unter den vielen von uns gemessenen Substa 
wollen wir hier nur Dihalogenaithane (CIH.C—CH.Cl, BrH.C—CH 
usw.) erwdhnen, mit denen wir die wesentlichen Ziige unserer Moment- 
messungen erkliren k6nnen. Unsere Messergebnisse,“) dass die 
im Gaszustand und in Loésungen gefundenen Momentwerte sich stark 
mit der Temperatur Andern, konnen mit der Auffassung der indifferenten 
Rotation oder der voéllig behinderten Rotation nicht erklirt werden. Doch 
schliessen sie sich nicht direkt der Auffassung von der Koexistenz der 
mehreren diskreten Rotationsisomere an, da die Temperaturabhangigkeit 
des Momentes uns nur von der Anderung der durchschnittlichen Lage in 
Bezug auf die Verdrehung um die C—C-Achse und von der stabilsten Lage 
(bei Dihalogenadthan die Translage von Fig. 1a) Kunde gibt. Aus diesem 
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Fig. 1. Die Raumstruktur von ClIH.C—CH,Cl und ihre Projektion 
auf die Ebene senkrecht zu C—C-Achse. 


Grunde wollen wir fiir die die Rotation behinderunde Energie zuerst den 
einfachen Ansatz 


U = B(1—cos?) (1) 


machen, wobei , der Verdrillungswinkel aus der stabilsten Translage ist 
und » eine Konstante, deren Gréssenordnung mit derjenigen der Wirme- 
bewegungsenergie vergleichbar sein soll. Dann ist das Quadrat des 
mittleren Momentes 

(1) Mizushima, Morino und Higasi, Proc. Imp. Acad. (Tokyo), 8(1932), 482; 
Phys. Z. 35 (1934), 905. 

(2) Uber die Messergebnisse anderer Autoren siehe z.B. “Dielektrische Polarisa- 
tion” von Fuchs und Wolf, Hand- und Jahrbuch der chemischen Physik, Bd. 6/IB, 


1935. 
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wobei « (1.85107> E.S.E.) das Dipolmoment der CH.Cl-Gruppe und 6 

(70°) den Winkel zwischen u und der C—C-Achse bedeutet. 
Mit den in Tabelle 1 angegebenen Werten von # kann man die 
Momentwerte berechnen, die mit den gemessenen gut iibereinstimmen. 
Die Anderung des )-Wertes zeigt un- 


Tabelle 1. mittelbar, dass die Wahrscheinlichkeit 
der Abweichung von der Translage in 
Sustend 8 x 104 der Reihenfolge, Gaszustand, Heptan- 


ldsung, Atherlésung, wiichst. 
Als die Ursache dieser Behinde- 


Gaszustand(’) 10.93 : a a ; 
rungsenergie laisst sich elektrostatische 
Heptanlosung 7.83 Wirkung, Resonanzabstossung und van 


Atherlésung 6.65 der Waalsche Kraft zwischen den 
beiden drehbaren Gruppen denken. 
Ware die elektrostatistiche Energie 
allein von Bedeutung, dann wiirde man bei BrH.C—CH.Br einen fast 
gleichen Wert von / wie bei CIH.C—CH.C1 finden, da das Bindungsmoment 
von C—Br demjenigen von C—Cl ungefihr gleich ist. Im Gegensatz dazu 
fandeun wir bei BrH.C—CH.Br einen wesentlich grossen Wert von # 
(16.8510-'* im Gaszustand, 14.80<10-' in Heptanlésung), woraus man 
ohne weiteres schliesst, dass die Resonanzabstossung eine wesentliche Rolle 
spielt. Dann darf man die Wechselwirkung zwischen Halogen- und Was- 
serstoffatome nicht mehr vernachlissigen (im Gegensatz zu der elektro- 
statische Wechselwirkung, wobei die C—H-Bindung nur einen verschwin- 
denden Beitrag leistet). Von der berechneten Abstossungsenergie zusam- 
men mit der van der Waalschen und elektrostatischen Energie erwartet 
man die Existenz des zweiten Minimums, dessen ungefahre Lage jenen 
zwei untereinander gleichwertigen riumlichen Formen entsprechen, d.h. 
den Zwischenformen von Fig. 1b, die aus der Transform durch Verdre- 
hung um etwa 120° hervorgehen. Den experimentellen Beweis fiir die 
Existenz dieses Minimums kann, aber, die Momentmessung uns _ nicht 
vorbringen, deren Ergebnisse durch die durchschnittliche Potentialkurve 
von Formel (1) befriedigend darstellen lassen. 


Ramaneffekt. Um die Potentialkurve bei héherer Annihrung mit 
dem Beobachtungsmateria! in Zusammenhang zu bringen, haben wir die 
optische Messungen ausgefiihrt und zuerst bei verschiedenen Lésungen 
gefunden, dass die relative Intensitaten der Ramanlinien von Molekiilen 
mit drehbaren Gruppen sich stark inderten.“’ Zum Beispiel betrug die 
Intensitiitsverhadltnis 1(654) (754) der heiden Linien von 654 und 
754 cm"! von CIH.C—CH.Cl: bei reiner Fliissigkeit 1:1.4, bei Alkohollésung 
1:1.3, bei Atherl6sung 1:2, bei Hexanlésung 1:5. 


(3) Neu gemessen (die naheren Angaben erscheinen demnichst). 
(4) Mizushima, Morino, und Higasi, Phys. Z. 35(1934), 905; Sci. Pap. I.P.C.R. 
(Tokyo), 25 (1934), 159. 
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Diese Tatsache liuft pa- -—— , 
rallel mit der, welche wir bei fhusig | | | 
der Momentmessung beobach- | C!H.C-CH.Ci L Md Giamen L 
teten und man kann das so fest | | 
auffassen, dass das_ Inten- : 3 
sititsverhaltnis I (654) / (754) Puiu | | | 
mit zunehmender Anzahl von CiH.C-CH:Br a | atijt sal 
Molekiilen in der Translage fe | 
abnimmt. Da_ die _Linie ; a RCE 
654 cm-!, wie aus Fig. 2 er- flunig | | | 
sichtlich, im festen Zustand — BrH,C-CH.Br atl ! 
vorstandig verschwindet, kann fest | , 
man vermuten, dass fast alle —— orem AAI: 
Molekiile im festen Zustand Misig 
sich in der Translage befin-  CH,-H.C-CH.-CH; ! | 
den.“ Dann sind alle in die- fest | 
sem Zustand beobachteten — TSE | ee 
Ramanlinien den zum Symme- fiissig | - 
triezentrum der Transform  cn,),-c-cH.-CH, a_i Ih I lI oe 
(C.,) symmetrischen Schwing- fox | 
ungen zuzuordnen. Dass dies ~ ate! i ai 
der Fa'l ist, konnten wir zei- 
gen: einerseits durch die Be- 
rechnung der Normalschwing- 
ungen von Transmolekiil“ und andererseits durch die Beobachtung des 
Isotopieeffektes.“’ Fiir die letztere haben wir Tetradeuterio-Dibrom- 
aithan BrD.C—CD.Br synthétisch dargestellt und seine Spektren im 
fliissigen und im festen Zustand 
Tabelle 2. gemessen. Wir konnten zeigen, dass 
den totalsymmetrischen Schwingun- 
gen des Transmolekiils (vgl. Tabelle 
2) die Produktregel von Redlich und 
Teller gilt, was die Richtigkeit un- 





| 
| 
1 
Fig. 2. Ramanspektren im Bereich 


tieferer Frequenz. 


Totalsymmetrischen Schwingungen 
des Transmolekiils. 





| - bal 

| edie teens | serer Zuordnung zeigt. Im festen 
i oe Zustand kommt also nur eine einzige 
199 188 | Molekiilform in Frage, d.h. die inner- 
660 607 molekulare Rotation ist eingefroren. 
1053 907 Es liegt nun nahe die nur im 


1440 1154 erscheinenden Linien den Normal- 
| 2972 2183 schwingungen der zweiten Form 
zuzuschreiben.“®) Diese Form ent- 


| 
1255 991 | fliissigen Zustand oder in Lésungen 
| 


(5) Mizushima, Morino, und Mitarbeitern, Sci. Pap. I.P.C.R. (Tokyo) ,29 (1936), 
63; Phys. Z. 38(1937), 459; Proce. Ind. Acad. Sci. 8(1938), 315 (Raman Jubilee 
Volume). 

(6) Mizushima und Morino, Sci. Pap. I.P.C.R. (Tokyo), 26(1934), 1; Morino, 
Bull. Chem. Soc. Japan, 13 (1938), 189. 

(7) Mizushima, Morino, Sugiura und Suzuki, Proc. Imp. Acad. (Tokyo), 14, 
(1938), 250; Sci. Pap. I.P.C.R. (Tokyo), 36(1939), 281. 

(8) Bei Molekiilen mit mehreren C-C-Achsen gehen mehr als zwei raumliche 
Formen hervor. 
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spricht dem obenerwéhnten zweiten Minimum (Zwischenlage von Fig. 
1 b), die im fliissigen Zustand oder in Lésungen eine wichtige Rolle spielt, 
wohl aber im festen Zustand wegen des Krystallfeldes ohne Bedeutung 
wird. Dass dieses Minimum auch im gasférmigen Zustand seine Wichtig- 
keit behalten soll, ist ohne weiteres klar aus dem von uns neuerdings 
gemessenen Ramanspektrum des gasférmigen Dichlorathans, dessen 
naheren Angaben demnichst erscheinen. Doch soll die Form der Poten- 
tialkurve im Gaszustand (d.h. der Potentialkurve des freien Molekiils) 
von derjenigen im fliissigen Zustand verschieden sein, da bei letztem Fall 
der Einfluss der Nachbarmolekiile eine wesentliche Rolle spielt. 

Es ist wohl moéglich einige von den “Fliissigkeitslinien’” den anti- 
symmetrischen Schwingungen der Transform zuzuschreiben, die wegen 
der innermolekularen Verdrillungsschwingung um diese Lage aktiv 
werden. Dass, aber, bei Molekiilen wie CIH,»C—CH.Br,”’ CH:CH.—CH.Cl, 
OHCH.—CH.Cl1,“” u.s.w. auch das Verschwinden einiger starken Raman- 
linien beim Ubergang vom fliissigen nach dem festen Zustand beobachtet 
wurden (vgl. Fig. 2), macht die Existenz des zweiten Minimums hochst 
wahrscheinlich, da die Auswahlregel alle Frequenzen im Ramaneffekt 
erlaubt. Es folgt daraus, dass in fliissigen und gasfOormigen Zustinden 
oder in Lésungen die ineinander umwandelbarer und im thermischen 
Gleichgewicht miteinander stehender Rotationsisomere koexistieren. 

Indessen haben sich auch andere Autoren mit diesem Thema befasst. 
Unter ihnen haben Kohlrausch und Mitarbeitern,'') den man erstmalige 
Verweisuny auf die Koexistenz der Rotationsisomere verdankt, eine Reihe 
umfangreicher Arbeiten ver6dffentlicht. Da, aber, diese Autoren nur die 
Spektren im fliissigen Zustand gemessen haben, ist unsere Beobachtung 
fiir die festen und gasférmigen Zustinde oder fiir die Losungen von 
Bedeutung um den direkten experimentellen Nachweis dafiir zu bekom- 
men. Als die innermolekulare Lage fiir das zweite Minimum (z.B. bei 
Dihalogenathanen, Butan, u.s.w.) denken sich diese Autoren die Cisstellung 
(vgl. Fig. 1c) anstatt der oben erwahnten Zwischenlage. Um den ent- 

giiltigen Schluss tiber die dem zweiten Minimum ent- 

cH, sprechende Molekiilform zu ziehen, haben wir neuer- 
/\ dings die Spektren einiger gesittigten Kohlenwasser- 
as stoffe sowohl im festen als auch im fliissigen Zustand 

A A gemessen.'?) Nach unserer Ansicht soll Neohexan 
H H (CH:.),C—CH.CHs; nur eine einzige Molekiilform haben, 
da die drei Minimumlage, wie aus Fig. 3 ersicht- 
lich, der identischen raumlichen Form entsprechen; 
Fig. 3. Neohexan. wohl aber nach anderer Ansicht (Cis-Trans-Isomerie) 
soll es zwei verschiedene Formen haben. In Uberein- 

stimmung mit unserer Meinung haben wir fiir diese Substanz keine 
Spektralinderung beim Ubergang vom fliissigen nach dem festen Zustand 


CH, 


CH, 


(9) Mizushima und Morino, Sci. Pap. I.P.C.R. (Tokyo), 29 (1936), 188; Phys. 
Z., 38 (1937), 459. 
(10) Mizushima, Morino und Nakamura, Sci. Pap. 1.P.C.R. (Tokyo),37 (1940), 
205. 

(11) Kohlrahsch, “Der Smekal-Raman-Effekt,” Erganzungsband, (Springer), 
1938; Ber. 71 (1938), 171. 

(12) Mizushima, Morino und Takeda, Sci. Pap. I.P.C.R. (Tokyo) ,38 (1941), 437. 
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gefunden (vgl. Fig. 2), wahrend wir fiir n-Butan, n-Pentan, n-Hexan, 
n-Heptan, u.s.w., bei denen zwei oder mehr als zwei verschiedene Formen 
sich ausbilden sollen, die starke Spektralanderung immer noch bestatigen 
konnten. 

Der obige Schluss wurde aus unseren Messungen des Dipolmomentes 
und des Ramaneffektes gezogen. Zu gleicher Zeit glauben wir, dass er 
mit den Folgerungen in anderen Gebieten (Ultrarotabsorption, Kerreffekt, 
Rontgen- und Elektronenbeugung) in Ubereinstimmung gebracht werden 
kann. 


Der Hauptteil dieser Mitteilung wurde eigentlich fiir die “Heisenberg- 
Festnummer” der Zeitschrift fiir Physik geschrieben und das Manuskript 
wurde schon vor sechs Monate nach Deutschland abgesandt. Da unter 
heutigen Umstanden seine Ankunft an der Schriftleitung nicht festzustel- 
len ist, wird es wegen unserer kiinftigen Arbeit hier abgedruckt. 


Chemisches Institut, Wissenschaftliche Fakultat, 
Tokyo Kaiserliche Universitit. 


Elektronenbeugung und die Oberflachenstruktur der saurefesten 
Legierung (Fortsetzung): Fe-W in Salzsaure. 


Von Shigeto YAMAGUCHI. 


(Eingegangen am 11. November, 1941.) 


Einleitung. Erst durch die vorliegende Forschung wurde vollstandig 
bewiesen, dass die in HCl siurefest werdende Oberfliche einer Fe-W 
Legierung kompakt mit kleinen Kristallen von WO. (Wolframdioxyd) 
bedeckt ist. Dies ist ein augenscheinliches Beispiel der “‘selektive Oxyda- 
tion’, wie sie man schon an der Oberflache von Duriron in Schwefelsaure 
erkannte.”’ Hier wurde auch die atomistische Struktur der Grenze zwi- 
schen dem Grundmetall und dem sich auf demselben bildenden Dioxyd 
deutlich. 


Experimente. Zum Versuch wurde ein Stiick der bearbeiteten Fe-W 
Legierung (W, 4%) verwandt. Wo es in Salzsdure (10°) bei Zimmer- 
temperatur eingetaucht wurde, beobachtete man auf ihm die schwache 
Entwicklung von Gasblasen, die nur sehr voriibergehend war. Seine 
Oberfliche wird nach diesem Verfahren sowohl von grauer Farbe als 
auch sdurefest, so dass nicht Metall an sich, sondern etwas Bestandiges 
daran aufs neue dargestellt ware. Auf diese Oberfliche wurden Elektronen 
angestrahlt, um die in Tab. 1 beschriebenen Gitterabstinde, die dem Ober- 
flachenprodukt charakteristisch sind, zu kennen. Dadurch, dass man sie 


(1) S. Yamaguchi, Sci. Pap. Inst. Phys. Chem. Res. (Tokyo), 38(1941), 409; 
Dies Bulletin, 16 (1941), 332. 
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mit denen durch Roéntgenstrahlenforschung bekannten aus WO.,‘) WO,, 
W, Fe.O;, FeO, Fe,0, vergleicht, konnte nachgewiesen werden, 


dass es nichts anderes als WO. (Wolframdioxyd) ist (vid. Tab. 1). 


Tabelle 1. 





WO, ikeistelis ouch PP eer Millersche Beobachtete 
Réntgenmethode itterabstande Bezeichn. Intensitat 
3.44 3.44 110 schwach 
2.78 2.77 001 massig 
2.41 | 2.41 | 101 massig 
2.16 2.16 111 schwach 
1.72 1.725 | 220 stark 
| 1.71 17g $ GPP) | 121 stark 
1.62 1.62 | 300 sehr sch. 
— | 1.28 (diffus) | — sehr sch. 


Ein Elektronenbeugungsversuch wurde wieder fiir die Oberflache 
angestellt, die nur sehr kurz in das Aetzmittel (HCl, 10%) eingetaucht 
wurde, den eigenen metallischen’ Glanz also noch nicht verlor. Dieses 
Beugungsbild bestand aus denjenigen Ringen, die das Vorhandensein 
reinen Eisens (a-Fe von k6rperzentriertem Raumgitter), d.h. Grund- 
metalls und sehr kleiner Menge von WO. wahrnehmen lassen (vid. 
Tab. 2). 


Tabelle 2. 





| Gitterabstande Beobachtete Millersche | Sehetens 
von «a-Fe (4) Gitterabstande Bezeichn. 
| - | 2.42 101 wo, 
2.02 2.02 110 Fe 
1.43 1.43 200 Fe 
1.17 1.18 211 Fe 
1.01 220 Fe 








Diskussion und Konklusion. Chemisch bekannt ist bereits, dass 
Wolfram bei Zimmertemperatur in HCl jeder Konzentration unléslich und 
auch bei 110°C. nur sehr wenig angegriffen ist.“ Eisen ist dagegen in 
HCl verhaltnismassig léslich. Wie in dem vorhergehenden Bericht iiber 
Duriron ausgefiihrt, verlasst das Grundmetall in Aetzmittel der leicht 
angegriffene Bestandteil, wihrend der séiurefeste an derselben Stelle fest 





(2) V.M. Goldschmidt, Naturwiss., 14 (1926), 295. 
(3) J. D. Hanawalt, H. W. Rinn und L. K. Frevel, Indust. & Eng. Chem., 30 

(1938), 457. 

(4) E. A. Owen und E. L. Yates, Phil. Mag., 15 (1933), 472. 

(5) cf. Gmelins Handbuch der anorganischen Chemie, “Wolfram gegen Saure.” 
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bleibt. Nach der vorliegenden Forschung, entspricht dem letzteren Wol- 
fram, und es bleibt noch als WO. auf der Metalloberflache stehen, wenn 
es die Korrosion durch Aetzmittel auch erlitten hat. Dies ist ganz ahnlich 
der Erscheinung (selektive Oxydation), die schon mit Duriron in H.SO, 
beobachtet wurde.“ 

Die Bildungswarme von WO, ist grésser als die von WO.;‘ in der 
Tat, findet die Bildung des ersteren haufiger als die des letzteren statt. 
Allein in dem Falle tritt bestandig WO. auf, wo dieses Oxyd im Beriihren 
mit dem Grundmetall hergestellt wird. Es handelt sich daher darum, 
dass das W-Atom freilich sechs Valenzelektronen besitzt, und sich unter 
gewissen Bedingungen doch WO, bildet. 

Die Tabellen oder Aufnahmeplatte sind imstande zu bedeuten, dass 
sich nur die Netzebene (101) von WO.-kristall zu Anfang bildet, bevor 
die anderen Netzebenen auf dem Grundmetall mit Wachsen desselben 
Kristalls vollendet aufgebaut worden sind. Das WO.-Kristall besitzt die 
tetragonale Struktur von Cassiterit (SnO.), wie sie man durch ihr 
Modell in Fig. 1 zeichnen darf. Die Netzebenen (101)" vermégen sich 
vor allem zu entwickeln, wahrend sich noch keine anderen auf dem Grund- 
metall zeigen. Diejenigen, die an das Grundmetall grenzen, miissen mit 


#05: tetragonal, $n05-Struktur, 








o:r 
@: 0° 
° 
Oo °o 
< 2 0 
- Oo 
Nw ° re) 
(101) 
(100) ‘ 
Fig. 1. 


Notwendigkeit solche Ebenen sein, die mit den Millerschen Bezeichnungen 
ausser der (101) anzuweisen sind. Als solche sind zwar manche mdglich, 
und unter ihnen ist doch die (100) die méglichste. Diese Netzebene ist 
bald nur aus Kation zusammengesetzt, bald aus Anion allein. Aus ver- 
schiedenen Griinden, besonders unter den gegenwartigen Bedingungen ist 
nicht wahrscheinlich, dass die Anion-Schicht unmittelbar auf das Grund- 
metall stossen mége.* Die Netzebene (100) des WO.-Kristalls, die nur 
aus W’’**besteht, kann unmittelbar mit der (100) von a-Fe fast geniigend 
iibereinstimmen, denn der erstere ist an der Gitterabstinde (2.77 A), 
d.h. an der Entfernung zwischen zwei W-Atomen in der (100), dem 
letzteren (2.86 A) annihernd gleich. Diese Beriihrungsweise hilft wohl 
dem Grundmetall und dem Oxyd sich fest zu verbinden (vid. Fig. 2). 

(6) J. A. M. Liempt, Rec. Trav. Chim., 50 (1931), 343. 

(7) R. W. G. Wyckoff, The Structure of Crystals, second edition, (1931), 251. 

Wenigstens gibt es keine Anziehungskraft zwischen Metall und O” von Neon- 

Struktur. 
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Das W°***Ion im WO.-Kristall besitzt noch zwei Valenzelektronen, 
um quantenmechanische Resonanz‘ oder die metallische Bindung zu 
veranlassen, d.h., inm ist die Bindung durch die unlokalisierten Elektronen 
mit Metall méglich. Die Bindungsart, wie sie in Fig. 2 gezeichnet wird, 
macht infolgedessen die Adhadsion des Oxyds mit dem Grundmetall (a-Fe) 
immer stairker. Dies darf man etwa “eine oberflachliche Legierung” 
nennen. 


Zum Schluss sei es gestattet, Herrn Dr. Ichiro litaka und Herrn 
Prof. Takejiro Murakami fiir ihre Leitung dieser Arbeit Dank auszuspre- 
chen. Herrn Prof. S. Mizushima danke ich auch bestens fiir seine In- 
teresse fiir diese Forschung. Bei dieser Gelegenheit méchte ich dafiir 
meinen Dank zum Ausdruck bringen, dass diese Untersuchung von ‘“Cor- 
rosion Committee” in “Nippon Gakuzyutsu Shinkokwai” finanziert wurde. 


Institut fiir physikalische und 
chemische Forschung, Tokio. 


Nitroso-ethylbenzenes. 


By Yojiro TSUZUKI. 


(Received December 11, 1941.) 


Derivatives of ethylbenzene are of great interest as the materials for 
investigating the electronic nature of alkyl radicals. But unhappily only 
little is known of these compounds in contrast with substituted methyl- 
benzenes, probably because of the fact that pure ethylbenzene has not 
hitherto been an easily accessible compound. 

The present author has now prepared o- and p- nitroso-ethylbenzenes 
with a view to compare their properties with those of nitroso-toluenes.” 
Among these compounds, however, o- nitroso-ethylbenzene is already 
obtained by R. E. Lutz and M. R. Lytton, who described it briefly as 
a substance melting at 61°, and being difficult to bring in the state of 
analytical purity. 

The present author has synthesized nitrcso-ethylbenzenes by the 
reduction of the corresponding nitro-compounds, obtained by the nitration 
of ethylbenzene. 





(8) L. Pauling, The Nature of the Chemical Bond, 1940, 401. 


(1) Y. Tsuzuki, T. Uemura and N. Hirasawa, J. Chem. Soc. Japan, 61 (1940), 
1063; Ber., 74(1941), 616. 
(2) J. Org. Chem., 2(1937), 68. 
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Nitration of Ethylbenzene.“’) The mixture of 83 ¢. fuming nitric 
acid (d=1.45) and 81 g. concentrated sulphuric acid (d=1.84) was added 
drop by drop to 100g. ethylbenzene (boiling point 133°, n?=1.49540, 
d?’=0.86644, obtained by fractionating technical ethylbenzene) for several 
hours at 0°C" with mechanical stirring. Oil was separated from the 
layer of the acid, washed with water and distilled under reduced 
pressure with a Tichwinski fractionating column. The thrice repeated 
fractional distillation gave 30 g. pure o- nitro-ethylbenzene (boiling point 
86-88° (5 mm.), np=1.53483, d?=1.1139) and 15¢. pure p- nitro-ethyl- 
benzene (boiling point 101-102° (5mm.), n§=1.54585, d?=1.1192). 


o- and p- Nitroso-ethylbenzenes. The reduction of the nitro-ethyl- 
benzenes into the corresponding nitroso-compounds was carried out in a 
similar way as described in the previous paper.“ 7.5 g. nitro-compound 
were dissolved in 30 c.c. boiling ethyl alcohol, and 10c¢.c. hot 2 n-ammo- 
nium chloride were added. To this solution 10g. zinc dust were added 
in small portions in 10 minutes with vigorous shaking. After 5 minutes 
the residue was filtered off and a dilute ice-cold solution of 27 ¢. 
FeCl,;+6H.O was poured to the solution. The reaction product was sub- 
jected to steam distillation immediately, whereby the nitroso-compound 
was isolated and purified. Yield 2g. (30% of the theory). 

o-Nitroso-ethylbenzene: colourless bright needles (from ethyl 
alcohol) melting at 61.5.° Found: N, 10.04. Calculated for CsH,NO: N, 
10.37°°. p-Nitroso-ethylbenzene: volatile green oil; it becomes véry 
sticky at —30°C, but does not solidify even at —80°C; it decomposes slowly 
on standing, and rapidly at 120°C. Found: N, 10.27. Calculated for 
C;sH,NO: N, 10.37%. 


The author wishes to thank Dr. K. Ohasi for supplying him 
ethylbenzene. 


Musashi Higher School, Itabashiku, Tokyo. 





3) Cf. Beilstein and Kuhlberg, Ann.,156(1870), 206; Schultz and Flachslander, 
J. prak, Chem., [2] 66(1902), 153; Cline and Reid, J. Am. Chem. Soc.,49(1927), 3150; 
Schreiner, J. prak. Chem., [2] 81 (1910), 557; H. Kondo and S. Uyeo, Ber., 70 (1937), 
1091. 

(4) Higher temperature was avoided, because it is expected that rising tempera- 
ture increases the yield of the ortho isomer—the main product of the reaction—and 
decreases that of the para isomer, and also favours meta substitution. Cf. the work 
of Holleman and his co-workers on the nitration of toluene (Holleman and van den 
Arend, Rec. trav. chim., 28(1909), 408; Holleman, Vermeulen, and de Muoy, Ree. trav. 
chim., 33(1914), 1; further Holleman, Chem. Rev., 1(1925), 187; Rease, Chem. Rev., 
14 (1934), 55. 
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Uber einen neuen Bestandteil von Swertia japonica, Makino 
(Gentianaceae). 






Von Yasuhiko ASAHINA, Juntaro ASANO und Yosio UENO. 









1941.) 


(Eingegangen am 26. November, 















Kariyone u. Matsushima) isolierten aus dem Kraut von Swertia 







japonica, einer gebriuchlichsten Bitterdroge in Japan, ein Glukosid 
Swertiamarin C,,H..O;,, und eine Sdure ,,Swertiasiure C.-H,.O,. Zu 
gleicher Zeit behauptete Nakaoki®’, dass er noch darin Gentisin, teils frei 





teils in Form von Glukosid und eine Substanz ,,Swertisin’ C,;Hi.O¢ 
gefunden hat. Kariyone u. Matsushima zeigten, dass das Swertiamarin, 
der eigentliche Bitterstoff der Droge, das Glukosid des Erythrocentaurins 
(von Méhu) ist. Die Swertiasdure wurde spiter von Kuwada und Matsu- 
kawa als OleanolsAure C2 oH,,O, erkannt. 

Nun haben wir im alkoholischen Extrakt der Droge ein zweites, gelb- 
gefirbtes, nur schwach bitterschmeckendes Glukosid C.ooH..0;,; (Swer- 
tianolin genannt) gefunden, welches bei der Hydrolyse nach der folgenden 
Gleichung gespalten wird: C.pH2»901;+ HeO=C,,Hy9Og+CyH120.¢. 

Das Aglykon C,,H, 9O,¢, das wir Swertianol nennen, bildet gelbe Pris- 
men vom Schmp. 263°, existiert auch im Extrakt der Droge und wurde 
von Nakaoki fiir Gentisin gehalten. Es besitzt aber ein Atom Sauerstoff 
mehr als Gentisin, enthalt ein Methoxyl und drei Phenolhydroxyle, von 
denen das eine mittels Diazomethans nicht, aber erst durch Jodmethyl 
und Silberoxyd methylierbar ist. Beim Erhitzen mit Jodwasserstoffsdure 
wird Swertianol entmethyliert und das so erhaltene Desmethylswertianol 
C,,;H.,O, (Schmp. 317°) bildet Tetraacetyl-derivat, wihrend bei der Ein- 
wirkung von Diazomethan nur drei Methyl-Gruppen (unter Bildung des 
Swertianol-dimethylathers) aufnimmt. Da die chemische Eigenschaften 
des Desmethylswertianols, ganz besonders dessen Absorptionsspektrum 
des ultravioletten Lichtes, denen des Xanthons gut iibereinstimmen, so 
darf man annehmen, dass es sich hier um ein Tetraoxy-xanthon handelt. 
Unter Beriicksichtigung der Tatsache, dass das Desmethylswertianol bei 
der Kalischmelze Phloroglucin liefert, so kommt dafiir folgende sechs Kion- 
stitutionsformeln in Betracht: 
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(1) J. Pharmaceut. Soc. Japan, 47 (1927), 133. 
(2) J. Pharmaceut. Soc. Japan, 47 (1927), 142. 
($) J. Pharmaceut. Soc. Japar 53 (1933), 680. 
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Ferner ruft das Desmethylswertianol, gleich wie Brenzkatechin und 
Hydrochinon, in kalter, alkoholischer Lésung durch Chloropentaammin- 
kobaltichlorid eine dunkelbraune Farbung hervor, was das Vorhandensein 
entweder von ortho- oder von para-stindigen Hydroxylen andeutet. Hier- 
durch darf man wohl V und VI ausschliessen. Neuerdings hat Tanase“) 
die oben aufgezahlten Tetraoxyxanthone I, II, [V, V und VI synthetisiert 
und die Identitat des Desmethylswertianols mit IV (1, 3, 5, 8-Tetraoxy- 
xanthon) festgestellt. Da Swertianol selbst gegen Chloropentaammin- 
kobaltichlorid indifferent ist, so muss das Aether-Methyl entweder in 5- 
oder in 8-Stellung gebunden sein. 

Was nun das von Nakaoki angegebene Gentisin anbetrifft, so haben 
wir uns durch Vergleich mit seinem originalen Praparat tiberzeugt, dass 
es nichts anderes als Swertiano! ist. 


Extraktion der Droge. Frische Kraut von Swertia japonica wird in 
kochendem Alkohol unter Zusatz von Calciumcarbonat in der Weise ein- 
getragen, dass der Alkohol fortdauernd kochend bleibt. Nach 3 stiindigem 
Digerieren wird es gepresst und das Filtrat zu diinnem Syrup eingedampft, 
wobei sich zunichst massenhaft Oleanolsiure dann eine hellgelbe, krystal- 
line Substanz (Zp. 226°) ausscheiden. Da die letztere sich.mit Salzsiure 
und Magnesium reduziert rot farbt, so scheint sie das sog. Swertisin von 
Nakaoki zu sein. Dann wird die Mutterlauge nach weiteren Einengen 
wiederholt mit Aether extrahiert, wobei das Swertianol darin aufgenom- 
men wird. Der mit Aether gesiittigte, waisserige Syrup fillt bei wochen- 
langem Stehen eine gelbe, krystalline Substanz, die wir Swertianolin 
nennen. In der letzteren Mutterlauge bleibt noch Swertiamarin, das wir 
hier nicht weiter untersucht haben. 


Swertianolin. Zur Reinigung wird das Roh-Produkt zundchst mit 
Wasser gewaschen und dann je zweimal aus Eisessi’g und Methanol nach 
einander umgelést. Die so gereinigte Substanz bildet gelbe Nadeln vom 
Schmp. 208°. Sie ist in meisten Solventien ziemlich schwer léslich, in 
warmem Eisessig leichter léslich. Alkalilauge lost die Substanz mit gelber 
Farbe. Die alkoholische Lésung farbt sich mit Eisenchlorid orangerot. 
(Ci9H:70.)(OCH:): Ber. C 55.02 H 4.62 CH;0 7.11. Gef. C 54.94 H 4.77 
CH;0 7.04). 

Hexeacetyl-Derwat: Dargestellt durch Erwairmen in Acetanhydrid 
unter Zusatz von Pyridin. Farblose Krystalle vom Schmp. 226° (aus 
Eisessig). (CssH;.0,;: Ber. C 55.79 H 4.69. Gef. C 56.12 H 5.09). 


Hydrolyse des Swertianolins. Wird 1 g Swertianolin in 5‘¢ Schwefel- 
siure eine Stunde gekocht, so scheidet sich tiefer gelb gefarbtes Spaltungs- 


(4) J. Pharmaccut. Soc. Japan, 61 (1941), 341. (Japanisch). 
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produkt (Swertianol) aus. Dann wird das Filtrat mit Baryumcarbonat 
neutralisiert und das vom Baryumsulfat befreite Filtrat eingedampft. 
Der syrupése Riickstand bildet mit Phenylhydrazin eine gelbe, krystalline 
Substanz vom Schmp. 205°. Eine Mischprobe mit dem Glucosephenyl- 
osazon zeigte keine Schmp.-Depression. 


Swertianol. Beim Umldésen aus Ejisessig und Alkohol bildet das 
Swertianol tief gelbe Nadeln vom Schmp. 263°. Es ist in Aether schwer, 
in Alkoho] ziemlich, in Eisessig leichter léslich. Die alkoholische Lésung 
farbt sich mit Ejisenchlorid gelbgriin, wird durch Chloropentaammin- 
kobaltichlorid nicht geindert. Durch Kochen mit Salzsaiure und Magne- 
sium farbt es sich nicht. Kalilauge lést es mit gelber Farbe. 
(C,;H;0;(OCH;). Ber. C 61.21 H 3.68 CH,0 11.32. Gef. C 61.79 H 3.69 
CH;0 11.65. 

Triacetyl-derivat: Dargestellt durch Kochen im Acetanhydrid unter 
Zusatz von Natriumacetat. Farblose Nadeln vom Schmp. 228° (aus 
Eisessig). (C,,H;O0g(CO-CH;);: Ber. C 59.98 H 4.03 CH,CO 32.35. Gef. 
C 59.60 H 4.06 CH;CO 33.22). 

Dimethyliither: Dargestellt durch Zusatz von Uberschuss Diazo- 
methan in Aether-Aceton. Gelbe Nadeln vom Schmp. 204° (aus Alkohcl). 
Die alkohol. Lésung farbt sich mit Eisenchlorid griin. (C,,H;0,(OCH;).: 
Ber. C 63.55, H 4.67 CH;0 30.81. Gef. C 63.14, H 4.55 CH;0 30:39). 

Trimethylaither: Dargestellt durch Kochen vom Dimethylather in 
Jodmethyl unter Zusatz vom Silberoxyd. Farblose Nadeln vom Schmp. 
209° (aus Alkohol). Ejisenchlorid-Reaktion negativ. (C,,;H,O.(OCHs:),: 
Ber. © 64.56 H 5.10 CH;0 39.26. Gef. C 64.24 H 5.46 CH,0 38.66.) 

Monoacetyl-dimethylither: Dargestellt durch Kochen vom Dimethyl- 
ather im Acetanhydrid unter Zusatz von Natriumacetat. Hellgelbe Nadeln 
vom Schmp. 223 (aus Alkohol).  Eisenchlorid-Reaktion negativ. 
(C,,410;: Ber. C 62.77 H 4.69 CH,0 27.05. Ger. C 63.12 H 4.64 CH;0 
27-035). 


Desmethylswertianol. 0.5 g Swertianol werden in 30 ccm Jodwasser- 
stoffsiure unter Zusatz von 0.5 g Phenol 2 Stunden gekocht. Dann wird 
das Produkt in Bisulfitlésung eingetragen und der Niederschlag abge- 
saugt. Gelbe Krystalle vom Zers.-P. 317° (aus Alkohol). Die Substanz 
ist in Alkohol und Aceton leicht, in Aether schwer léslich. Die alkohol. 
Lésung wird durch Eisenchlorid griinlichgelb gefarbt. Kalilauge lést sie 
mit braunroter Farbe. (C;,H,O,: Ber. C 59.98 H3.10. Gef. C 60.02 
H 3.48). 

Tetraacetat: Dargestellt durch Kochen im Acetanhydrid unter 
Zusatz vom Natriumacetat. Farblose Nadeln vom Zers. p. 243-244”. 
(Co;H,O.: Ber. C 58.86 H 3.77. Gef. 59.02 H 3-66). 

Methylierung des Desmethylswertianol: Wird eine Acetonlésung des 
Desmethylproduktes mit Diazomethan versetzt und tibernacht stehen- 
gelassen, so entsteht ein Methyl-Derivat vom Schmp. 204’, welches beim 
Mischen mit Swertianoldimethylather keine Schmp.-Depression zeigt. 


Kalischmelze des Desmethylswertianols. 12. Desmethylswertianol 
wird mit 20 g. KOH unter Zusatz von 4ccm. Wasser 30 Minuten bei 200 
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geschmolzen. Dann wird die Schmelze in Natriumsulfitlésung (10%) 
gelést, angesiuert und ausgedthert. Die so erhaltene Substanz bildet 
beim Umloésen aus Wasser braunliche Krystalle vom Schmp. 206°, die die 
violettrote Fichtenspanreaktion zeigt. Auch eine Mischprobe mit dem 
Phloroglucin (Schmp. 207°) zeigte keine Depression. 

Weder durch 6 stiindigem Kochen von Desmethylswertianol in 
50“ciger Kalilauge im Wasserstoffstrom noch durch 10 stiindigem Kochen 
in 35“ciger, glycerinhaltiger Kalilauge wurde es gespalten. 


Swertisin (7?) Die aus dem alkoholischen Extrakt der Droge beim 
Einengen ausgeschiedene, Substanz von Zers. p. 226° bildet ein hell gelbes, 
krystallinisches Pulver, das sich beim Erhitzen im Capillarréhrchen schon 
gegen 195° verfarbt und erst bei 226° unter Aufbrausen zersetzt. Auch 
bei wiederholtem Umloésen aus Alkohol wurde dieser unscharfe Schmelz- 
punkt nicht verbessert. Die alkoholische Lésung farbt sich mit Eisen- 
chlorid braunrot; durch Erhitzen mit Salzsaure und Magnesium entsteht 
eine rote Lésung. (C.,;H.,0,;,: Ber. C 57.97 H5.07 CH;06.50. Gef. 
C 57.54, 57.56 H 4.84, 5.38 CH;0O 6.53). 
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